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I. INTRODUCTION 

This report describes an analysis of the Detection and Acquisition capabilities 
of a combined radar and telemetry tracking system, and a study of interference pro- 

blems associated with its use. 

interference on narrow band phase lock loops has been reported upon previously in a 

separate final report [ 11. 

An additional task to investigate effects of r.f. 

* 
The analyses have been concerned with a particular system under development by 

This system uses a precision 30 ft diameter cassegrain antenna Langley personnel. 
with a combined L-band and X-band monopulse feed system with dual polarization cap- 

ability. The system will be used initially at the NASA-Bermuda tracking site in 

support of RAM program missions. The first operational use planned for the system 
will be support of the RAM-C mission in early 1967. 

The major operational problems associated with the system include target acquisi- 

tion, a severe problem because of the narrow antenna beanwidth at X-band and the 

lack of a strong signal return at L-band; and the possible interference problems that 

arise when operating a two megawatt radar transmitter and a sensitive X-band telemetry 
receiver concurrently, using the same antenna. 

sonnel have been concerned include possible personnel hazards associated with the 

radar, modifications of the CW X-band receiver to permit operating on pulsed telemetry, 
and miscellaneous analytical studies that arose during the program. 

Other problems with which RTI per- 

Based on data obtained and analytical studies, recommendations have been made 

and discussions held with Langley personnel on a continuing basis during the program. 

The foiiowing sections of this report contain further recommendations and the docu- 

mentation of the major results of the studies. 

* 
See References on p. 76. 



11. CONCLUSIONS AND RECOMMENDATIONS 

As a result of the experimental and analytical studies conducted during this 

program, several conclusions and recommendations have been reached regarding the 
operation and performance of the planned system, and possible improvements to the 
system that may be desirable either for the RAM-C mission or for future missions. 

These conclusions and reconmendations are summarized below. 

Signal-to-Noise Ratios 

The X-band telemetry predetection signal-to-noise ratio has been calculated as 

having a minimum value of 34 db for the RAM-C preliminary (shaped) trajectory. 

Scout telemetry patterns were somewhat smoothed for the calculations, hence the 
value given above should be considered with this in mind. 

signal-to-noise vs time is given in Fig. 3-10, p. 19. 
A plot of telemetry 

The L-band radar predetection signal-to-noise ratio for skin tracking, and for 
the same trajectory as above, reaches a value of 0 db for the first time at 376 
seconds after liftoff, just prior to anticipated VHF blackout. Possible signal 
enhancement due to ionization at re-entry has not been quantitatively evaluated. 

After VHF blackout, the SNR drops to below 0 db once more. Neglecting the ioniza- 
tion, the skin return would reach a maximum value of 27 db and remain above 6 db 
for a 15 second interval. 

De tec t ion Pr obab i 1 it i e s 

The detection probability for the X-band telemetry on a single pulse basis is 
essentially unity in both the main lobe and first order sidelobes of the antenna 

beam. 

ed and a false alarm number of lo4, reaches .9 at 388 seconds for the RAM-C mission. 
For the period 400-450 seconds, the probability drops below .6. 

For the radar case, the detection probability, based on 30 video pulses integrat- 

Acquisition Probabilities 
The acquisition probability for the L-band radar is effectively the same as the 

detection probability considered above, under the assumption that one of the existing 
sources of designation data at Berrmda has achieved autotrack by the time the de- 

tection probability becomes significant. 

Acquisition probability for the telemetry is small with no scan, and depends 

upon the source of designate data as discussed in Section 111-G. With proper selec- 

tion of scan parameters, the acquisition probability can reach .95 in six seconds, 

at the initial part of the trajectory. 

quisition time could be reduced somewhat. At a maximum rate scan, the time required 
to cover the .95 probability area is about three seconds with a Lissajous scan. 

With provision for position memory, the ac- 

- 2- 



Acquis i t ion  Procedures - X-band System 

For r e l i a b l e  X-band t a r g e t  a c q u i s i t i o n  and r eacqu i s i t i on  during the planned 

RAM-C mission,  i t  i s  d e s i r a b l e  t o  have the c a p a b i l i t y  of scanning about the continuous 

des igna t ion  d a t a  obtained from p r e f l i g h t  d a t a  o r  the Bermuda Acquis i t ion  bus. The 

scan should provide angular  coverage as l i s t e d  i n  Table 3 - 6 ,  p . 3 9 .  

I n  order  t o  achieve the required angular  coverage i n  reasonable  t imes,  i t  i s  

recomended t h a t  the scan parameters be se l ec t ed  t o  a l low f o r  poss ib l e  t a r g e t  de tec-  

t i o n  i n  both the  main lobe and f i r s t  order  s ide lobes ,  and dependence placed upon 

opera tor  s k i l l  t o  achieve au to t rack  a f t e r  t a rge t  de tec t ion .  To assist i n  p lac ing  

the t a r g e t  wi th in  the acqu i s i t i on  beamwidth, cons idera t ion  should be given t o  the 

cons t ruc t ion  of spec ia l  acqu i s i t i on  a i d s ,  such as a C-scope d isp lay ing  detected 

video amplitude vs angular-scan coordinates .  
0 I n i t i a l  acqu i s i t i on  should be attempted a t  a f ixed  e l eva t ion  angle  of 3 - 5'. 

with no scan. It i s  estimated t h a t  a 50% chance e x i s t  of de t ec t ing  the  t a r g e t  i n  

e i t h e r  the main lobe or  f i r s t  order  s ide lobe  a t  t h i s  time. To e l imina te  the need 

f o r  a frequency search f o r  the X-band te lemetry t r ansmi t t e r ,  p r e f l i g h t  measurements 

and c a l i b r a t i o n s  should be conducted t o  enable  the  s e t t i n g  of the  X-band r ece ive r  

t o  the t ransmit ted frequency with a p rec i s ion  of +, .5 Mc o r  b e t t e r .  

ce iver  AFC should be  used i n  the Manual mode s i n c e  opera t ion  on pulsed s i g n a l s  is  

not  r e l i a b l e .  Pr ior  t o  t a r g e t  acqu i s i t i on ,  doppler compensation should be programed 

i n  accordance w i t h  the  schedule suggested i n  Fig. 3-14, p. 2 5 ,  o r  one similar t o  

t h i s .  This compensation is not c r i t i c a l .  A more d e t a i l e d  d iscuss ion  of a c q u i s i t i o n  

procedure i s  presented i n  Sect ion 1 1 1 - G .  

The X-band re- 

Acquis i t ion  Procedures - L-band System 

Achievement of the au to t rack  mode by the L-band r ada r  p r i o r  t o  re -en t ry  is  con- 

s idered  improbable. 

re -en t ry ,  and i f  manual range ga t ing  i s  s k i l l f u l l y  accomplished, au to t rack  is  pos- 

s i b l e  before  X-band blackout.  

I f  considerable  (10-20 db) s i g n a l  enhancement takes  p lace  during 

To assure  successful  au to t rack  during t h i s  per iod ,  cons idera t ion  should be given 

t o  : 

( 1 )  Construction of automatic change-over c i r c u i t s  t h a t  sense AGC of radar  

and telemetry,  and provide switchover of t racking  e r r o r  s i g n a l s  when 

one s igna l  drops out .  

Operator p r a c t i c e  i n  manually acqui r ing  and range t racking  t a r g e t s  with 

range r a t e s  as predic ted  f o r  RAM-C, us ing simple a c q u i s i t i o n  a i d s  and 

simulated t a rge t s .  

( 2 )  

- 3- 
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( 3 )  Tests to assure that the radar performs closely to theoretical pre- 

dictions, and changes of bandwidths, detectors, preamps, etc., which 

are required to optimize the system. 

Possible System Improvements 
The marginal performance of the L-band radar indicates that a critical problem 

exists in maintaining track during the predicted X-band blackout. 

To provide a backup to the radar during this segment of the mission, a memory 

mode should be implemented, taking into account the planned trajectory and tracking 

data obtained to the time of dropout. An evaluation of the performance of a velocity 

-memory mode (by computer sinulation, using the S-129 trajectory) indicates that 

this type of memory will provide only one or two seconds of useful tracking after 

dropout. A promising technique evaluated is one in which a correction to dropout 
velocity is programd as a linear function of time after dropout, with the rate of 

linear correction calculated from preflight data. 

to implement in analog form. 

for specific missions of interest, and to select design parameters to assure com- 
patibility with specific antenna systems. 

This technique is relatively easy 

Further study is required to evaluate the performance 

Automatic circuits to sense signal dropout and provide change-over of error 
signals will assist in mantaining track during re-entry. The mechanization can be 
similar to that used in the X-band receiver for polarization switching. 

The use of relatively simple visual acquisition aids as discussed previously 
will assist in X-band acquisition. 

- io assist in target acquisition at X-band, it appears feasibie to broaden the 
beam by using an auxiliary feed system offset from the main feed. 

feasible to construct a new feed prior to RAM-C tracking, this approach should be 

considered for future experimentation. 

While it is not 

Radio Frequency Interference 

The most critical interference problem is that of L-band interference with the 

A 50 db filter on the radar transmitter output has been previously X-band receiver. 
recomended. Even with this filter, however, a reduction of sensitivity of 8 to 12 

db for the X-band receiver is possible. The actual level should be determined in 

tests when the system is completed. 

To prevent the interference degradation as above, careful tuning of the L-band 
magnetron should be tried in order to minimize the general X-band splatter to in- 
significant levels. If this does not prove possible in tests, the receiver should 
be gated off during radar transmitter pulsing. 

very little loss in X-band capability due to the widely differing pulse rates. 

This gating operation will cause 
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External interference has been a problem in the past at Bermuda, particularly 

at X-band. Pre-mission tests should reveal the extent of this interference, and 

indicate required solutions. 
RF Hazards 
To stay within recommended safety tolerances for RF radiation, no personnel 

should be allowed within a cylinder projected from the antenna suface for a distance 

of 500 ft. 
feet of the antenna should be shielded by a mesh fence. 

Personnel in the main beam at any distance should not look directly into the 

Personnel remaining in the beam for long periods of time within 1000 

antenna while it is transmitting. Although no danger is expected, this procedure 
has been recommended by safety personnel. 

No danger to ordnance is anticipated. 

Future Work 
Possible general future studies that appear desirable include: 

(1) Comparison of flight test data (signal strengths, polarization, 
etc.) with predicted values in order to discover possible dis- 

crepancies in theory, and to improve future predictions. 

( 2 )  Analytical studies leading to improved tracking techniques by 
use of adaptive tracking bandwidths, optimum detectors for 

pulsed telemetry, and memory modes using trajectory data. 
Evaluation of detection and acquisition probabilities for future 

missions with computing routines developed during this study. 
( 3 )  

( 4 )  A detailed study of techniques of beam broadening to assist in 
target acquisition, and the problems involved in implementing 
a system of this type. 
Simulated acquisition studies with laboratory mock-ups and 

with controls and visual aids similar to those planned for 
future missions. 

(5) 
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111. ACQUISITION PROBABILITY STUDIES 

1 -  

I 

A. INTRODUCTION 

The ob jec t ives  of the ana lys i s  of a c q u i s i t i o n  p robab i l i t y  a r e  t o  determine the  

probable performance of the  planned t racking  system; t o  determine the  b e s t  opera- 

t i o n a l  procedure f o r  maximizing the  acqu i s i t i on  p robab i l i t y ;  and t o  recommend possi-  

b l e  improvements f o r  t he  system. 

To accomplish these  objec t ives ,  information has been co l l ec t ed  on system para- 

meters, missile t r a j e c t o r i e s ,  antenna p a t t e r n s ,  and Bermuda des igna t ion  a i d s .  

Addit ional  da t a  needed has been obtained by d i r e c t  measurements, such as, f o r  examples, 

the radar  c ross  s e c t i o n  of the Scout m i s s i l e  and the dynamic performance of the 

Bermuda a c q u i s i t i o n  bus. 

been developed t h a t  accept  a s  inputs ;  radar  c ros s  sec t ion  da ta ,  telemetry antenna 

p a t t e r n s ,  sys t em parameters,  t r a j e c t o r y  da t a ,  and environmental da t a ;  and provide 

f o r  point  by poin t  (usua l ly  a t  one second i n t e r v a l s )  ca l cu la t ions  of s ignal- to-noise  

r a t i o s  and de tec t ion  or  a c q u i s i t i o n  p r o b a b i l i t i e s .  Other models and computer programs 

have been developed t o  perform s t a t i s t i c a l  comparisons of t r a j e c t o r i e s ,  ana lys i s  of 

des igna t ion  da ta ,  and a c q u i s i t i o n  probabi l i ty  ca l cu la t ions .  These programs are de- 

sc r ibed  i n  the  appendices of t h i s  repor t .  

Mathematical models and assoc ia ted  computer programs have 

The determinat ion and opt imizat ion of a c q u i s i t i o n  p robab i l i t y  i s  accomplished by: 

1)  a n  ana lys i s  of the  planned t r a j e c t o r y  t o  determine angles ,  rates, and s l a n t  ranges 

from the  antenna s i t e ,  a s  wel l  a s  aspect angles  of the  t a r g e t ;  2) determinat ion of 
c < - - l - t n - - n 4 e a  - - t < n e  I.-Ao+ tho ero.nn-tinn t h - t  t h a  termat m i e o i l o  5s ceztered in U*6.'U& C" L 1 " I U C  .-.-..VU U L I Y I . .  .-I._ u"Yuyy..IY.' c..-c ..I._ 'L'bU' ... IUUIL_ 

the  antenna beam; 3) ca l cu la t ion  of condi t iona l  de t ec t ion  p robab i l i t y  (conditioned 

on the  event t h a t  the  t a r g e t  i n  the  antenna beam); 4) a c a r e f u l  e r r o r  ana lys i s  t o  

determine unce r t a in t i e s  i n  frequency, two coordinate  angles ,  and range; 5) estima- 

t i o n  of the  p r o b a b i l i t i e s  that the t a rge t  is  wi th in  a given volume; 6) c a l c u l a t i o n  

of a c q u i s i t i o n  p r o b a b i l i t i e s  and ana lys i s  of var ious acqu i s i t i on  procedures; and 

7)  eva lua t ion  and opt imizat ion of the procedures f o r  the mission of i n t e r e s t .  

Ear ly  i n  the program, it was mutually agreed t o  use the  Scout S-129 t r a j e c t o r y  

a s  a t y p i c a l  launch f o r  de t ec t ion  and acqu i s i t i on  s t u d i e s ,  and numerous ca l cu la t ions  

were made with t h i s  t r a j e c t o r y .  

t r a j e c t o r y  parameters became ava i lab le  and f u r t h e r  s tud ie s  w e r e  conducted with t h i s  

t r a j e c t o r y .  The major p a r t  of t he  r e s u l t s  discussed i n  t h i s  r epor t  are based on the 

RAM-C p r e l i m i n a r y  (shaped) t r a j ec to ry ,  a s  t h i s  is  of g r e a t e s t  i n t e r e s t  a t  t h i s  time. 

The following sec t ions  descr ibe  the var ious p a r t s  of the ana lys i s  of a c q u i s i t i o n  

Recently, however, the  preliminary RAM-C launch 

and de tec t ion  p r o b a b i l i t i e s  f o r  both the  radar  and te lemetry,  with emphasis on the  

?-!!-?!-C m_isai!?n. 
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B. SOURCES OF INFORMATION 

A complete l i s t  of a l l  information gathered from various sources  i s  l i s t e d  i n  

Appendix L. The data of primary importance t o  the de t ec t ion  and a c q u i s i t i o n  s t u d i e s  

include the following . 
Trajec tory  Data 

For Scout launch S-129, the LTV pre - f l i gh t  t r a j e c t o r y ,  Wallops IslandFPQ-6 

radar  t r a j e c t o r y ,  and Bermuda FPS-16 radar  t r a j e c t o r y  a r e  ava i l ab le  f o r  comparison 

and ana lys i s .  

For the forthcoming RAM-C mission, the prel iminary t r a j e c t o r y  i s  ava i l ab le .  

Radar Cross-Section Data 

A model of the Scout mis s i l e  has been constructed and L-band cross-sec t ion  da ta  

obtained by measurements subcontracted t o  the Conductron Corporation. These mea- 

surements a r e  described i n  d e t a i l  i n  Appendix A. 

Telemetry Antenna Pa t t e rns  

A s e t  of pa t t e rn  measurements f o r  the Scout 4 horn X-band antenna were obtained 

from Langley personnel,  These pa t t e rns  cons i s t  of 5 azimuth c u t s  and one r o l l  c u t ,  

and were taken with a t e f l o n  window on the  horns.  The p a t t e r n  da ta  has  been i n t e r -  

polated and smoothed t o  es t imate  the 3 dimensional p a t t e r n  f o r  a l l  look angles .  

p a t t e r n  ana lys i s  i s  discussed i n  Appendix E. 

The 

Ground antenna beamwidths have been obtained from the appl icable  s p e c i f i c a t i o n  

documents. 

Bermuda Acquisi t ion Bus Performance 

Data on the accuracy of des igna t ion  da ta  ava i l ab le  from the Bermuda a c q u i s i t i o n  

a i d s  have been obtained from spec i f i ca t ions  and from a c t u a l  da t a .  

been obtained ind ica t ing  the s lav ing  accuracy of t he  var ious  antennas now i n  use i n  

Bermuda, wi th  various sources a s  inputs  t o  the  a c q u i s i t i o n  bus. 

S t a t i c  da ta  has 

A dynamic s lav ing  t e s t  has  been conducted by programing one of the  VHF acqui- 

s i t i o n  a i d s  through a typ ica l  high angular  r a t e  pass ,  s l av ing  the  FPS-16 radar  t o  

t h e  acqu i s i t i on  a id ,  and recording the d i g i t a l  encoder outputs  from both antennas.  

This tes t  is discussed i n  d e t a i l  i n  Appendix D. 

System Parameters and Configuration 

The planned s y s t e m  parameters have been obtained from both s p e c i f i c a t i o n  docu- 

ments and from discussions with Langley personnel.  

Environmental Data 

Data f o r  evaluat ion of wind gus t  e r r o r s ,  atmospheric a t t enua t ion ,  t ropospheric  

r e f r a c t i o n  e r r o r s ,  e t c . ,  have been obtained from d a t a  repor ted  i n  the  l i t e r a t u r e  [ 2 ] .  
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. C. MISSILE TRAJECTORIES 

1. S-129 Mission 

The Scout mission S-129 w a s  i n i t i a l l y  se l ec t ed  as typ ica l  and w a s  used t o  

e s t a b l i s h  the condi t ions which w i l l  e x i s t  when the Langley confocal s y s t e m  is oper- 

ab le .  

NASA-LRC and has  been published a s  RTI Technical Memorandum TMR-39. 

was launched on August 18, 1964, a t  2:05 AM, EDT from the Mark I launcher a t  NASA, 
Wallops Is land.  A s tandard Scout launch veh ic l e ,  S-l29R, was  used. The i n - f l i g h t  

t r a j e c t o r y  parameters of a l t i t u d e ,  ve loc i ty ,  range, and f l i g h t  path angle  f o r  the 

boost phase w e r e  obtained by t racking radars  located a t  Wallops Is land and Bermuda. 

Radar t r ack ing  was  maintained u n t i l  443 seconds a f t e r  l i f t - o f f  a t  which time s i g n a l  

w a s  l o s t  due t o  C-band beacon blackout. Upon emergence from blackout ,  the  en t ry  

payload w a s  below the Wallops and Bermuda r ada r  horizons.  Table 3-1 l is ts  the tra- 

A d e t a i l e d  desc r ip t ion  has been ex t r ac t ed  from information provided RTI  by 

This mission 

j ec to ry  r e l a t e d  events  which occurred i n  the  f l i g h t  test .  

Table 3-1. Sequence of Tra jec tory  Events 

Launch da ta :  18 August 1964; Launch time: 06:05:51G.M.T. 

r - -.- 
---- . 

Event 

. -. 

F irs t- s t age  i g n i t i o n  
F ir  s t movement 
Second i g n i t i o n  
S ec ond burnout 
i i i i r u  igiiition 
Third burnout 
Spin-up 
Fourth i g n i t i o n  
Fourth burnout 1 F i f t h  i g n i t i u n  
F i f t h  burnout 

*VIP blackout 
*-band blackout 
*Maximum aerodynamic heat ing 
*Maximum aerodynamic load 
*VHF s i g n a l  recovery 
*VHF playback ends 

rrrL-.-, 

1 

Impact 

1 *Approximate time 

Actual Time from F i r s t -  I Stage Ign i t ion ,  sec 
-- -’ 

I 0.00 
0.12 

82.22 
120.78 
259.75 
292.47 
330.07 
335.97 
359.65 
361.32 
400.24 

1 
i 
! 

i 

I 
i 

i 429. 
i 433. 
i 476. 
i 487. 

490. 
552. 
652.04 I 

A t i m e  h i s t o r y  of radar  range was ex t r ac t ed  from the  predicted t r a j e c t o r i e s  and 

is included as Fig. 3-1. An approximate time d i f f e r e n t i a t i o n  of range was performed 

and range rate vs  time is shown a s  Fig. 3-2. Fig.  3-3 shows the AZ vs  EL radar  
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Fig. 3-3. S-219 trajectory in Bermuda coordinates. 
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- 2  

coordinates  a s  viewed from the  Bermuda s i t e .  These d a t a  were ex t r ac t ed  from the  

p r e f l i g h t  d a t a  as opposed t o  the a c t u a l  d a t a  as it w a s  f e l t  t h a t  t o t a l  t i m e  coverage 

was of higher  p r i o r i t y  than the  increased v a l i d i t y  of the  a c t u a l  coordinate  da t a .  

The d a t a  shown is  only f o r  t he  Bermuda FPS-16. The Bermuda r ada r  horizon and point  

of c l o s e s t  passage a r e  ind ica t ed  t o  occur a t  94 and 394 seconds elapsed time respec- 

t i v e l y .  

was ended here .  Actual t r a j e c t o r y  l i s t i n g s  may be found i n  Appendix J. 

The d a t a  terminate a t  end of boost (t = 400 sec )  as t h e  p r e f l i g h t  problem 

2. RAM-C Mission 

The shaped t r a j e c t o r y  f o r  the  planned RAM-C mission i s  q u i t e  similar t o  t h e  S-129 

t r a j e c t o r y ,  e s p e c i a l l y  as viewed from Bermuda. S i g n i f i c a n t  d i f f e r e n c e s  are 

S-129 was a r i g h t - t o - l e f t  pass, passing Bermuda on the  south (1) 
while  the proposed RAM-C t r a j e c t o r y  i s  a l e f t - t o - r i g h t  pass ,  pass- 

i ng  Bermuda on the  north,  

(2) The RAM-C t r a j e c t o r y  covers a somewhat decreased azimuth s e c t o r  

a s  viewed from Bermuda. Also t h e  max imum a t t a i n e d  e l e v a t i o n  ang le  is 

decreased. 

These d i f f e rences  a r e  no t  f e l t  t o  be s i g n i f i c a n t  i n  t h e  sense 

t h a t  observations based on the  S-129 t r a j e c t o r y  would no t  apply t o  

the  RAM-C mission. 

S i g n i f i c a n t  parameters f o r  t h e  RAM-C mission have been reduced from the  p r e l i m i -  

nary t r a j e c t o r y  data  supplied by LRC (Ref. [3]  and [ 4 ] ) .  Table 3-2 shows a chrono- 

l o g i c a l  l i s t  of s i g n i f i c a n t  events through t h e  t r a j e c t o r y .  An Azimuth vs  E leva t ion  

p l o t  as viewed from Bermuda is included a s  Fig.  3-4. Range and range rate v s  t i m e  

a s  seen from a Bermuda located system a r e  shown i n  F i g s ,  3-5 and 3-6. S i g n i f i c a n t  

events have been included on Fig.  3-4 t o  i n d i c a t e  c o r r e l a t i o n  with the  mission 

p r o f i l e .  
Table 3-2. Sequence of T ra j ec to ry  Events (RAM-C) 

- - -_. - ,.-"..-----..I. t.-, 

Event . - T P r e d i c t e d  Time from F i r s t  
)Stage I g n i t i o n ,  sec - --- - - " .- .-"__I-- 

F i r s t  Stage I g n i t i o n  0.00 

80.16 
120.16 

F i r s t  Stage Burnout - Second Stage 

L 
I I g n i t i o n  
6 Second Stage Burnout 
' Third Stage I g n i t i o n  ' T h i r d  Stage Burnout 

Fourth Stage I g n i t i o n  
Fourth Stage Burnout 
Spacecraft  Separation 

VHF Blackout Ends 
Data Playback Begins 
Data Playback Ends 

, VHF Blackout Begins 

268.16 
300.96 
325.00 
357.00 
367.00 
378.00 
418.00 
468.00 
485.00 
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D. RADAR AND TELEMETRY PREDETECTION SIGNAL-TO-NOISE RATIOS 

1. L-Band Radar 

The measurements of the L-band radar  c ross  s e c t i o n  of the Scout m i s s i l e  with a 

RAM payload a r e  described i n  Appendix A. From these measurements and prel iminary 

t r a j e c t o r y  d a t a ,  the expected L-band prede tec t ion  s ignal- to-noise  r a t i o  (SNR) a s  a 

func t ion  of time during the RAM-C mission has been ca l cu la t ed  a s  shown on the com- 

puter  p r in tou t  of Fig.  3-7. The da ta  a r e  p lo t t ed  v s  time i n  Fig.  3-8. 

These ca l cu la t ions  give the r a t i o  of signal power t o  

input  during a pulse i n t e r v a l ,  and a re  obtained from the 

2 2  PT G A b ( t )  
SNR(t) = 

(4n)3 R4(t) LKTB(NF) 

where P i s  t ransmit ted power, G is  ground antenna gain,  

L i s  the l o s s  f ac to r ,  K is Boltzman's cons tan t ,  B i s  the  

the rece iver  noise  f igu re ,  T i s  290 K, R ( t )  i s  the s l a n t  

c ros s  sec t ion  time funct ion.  The s y s t e m  parameters used 

shown on Figs .  3-7 and 3-8. 

T 

0 

noise  power a t  the  r ece ive r  

radar  equat ion 

(3-1) 

A i s  t ransmit ted frequency, 

rece iver  bandwidth, (NF) is 
range, and a ( t )  i s  the  radar  

f o r  the  ca l cu la t ions  a r e  

During the  reent ry  period when ioniza t ion  takes place, the ca l cu la t ions  are not 

va l id  a s  the wave r e tu rn  i s  not included i n  the  ca l cu la t ions .  Attempts t o  obta in  

da ta  on wake r e tu rn  were not successful .  

The ca l cu la t ions  ind ica t e  t h a t  fo r  the major par t  of the time the missile is i n  

view a t  Bermuda, the  predetect ion SNR w i l l  be below 0 db. The maximum value of 26 db 

is  reached a t  391 seconds a f t e r  l i f t o f f ,  j u s t  p r i o r  t o  reent ry .  A t  375 seconds, j u s t  

a f t e r  four th  s t age  burnout, the SNRwil l  reach 0 db f o r  the  f i r s t  time. 

2. X-Band Telemetry 

The te lemetry antenna pa t t e rns  fo r  the Scout missile were analyzed a s  discussed 

The pa t t e rn  ana lys i s  and t r a j e c t o r y  da ta  have been used t o  generate i n  Appendix E.  

antenna gain vs  time f o r  the RAM-C t r a j ec to ry .  

s i g n i f i c a n t  v a r i a t i o n s  with r o l l ,  and the instantaneous gain i n  the  d i r e c t i o n  of the 

r ece ive r  is  near ly  impossible t o  pred ic t .  During payload spin-up, the  e f f e c t  of the 

r o l l  rate is  t o  produce a 12 c p s  modulation on the  s i g n a l  amplitude. To account f o r  

r o l l  v a r i a t i o n s ,  t h ree  ca l cu la t ions  of prede tec t ion  s ignal- to-noise  r a t i o  have been 

made corresponding t o  the maximum, minimum, and average gain over one r o l l  cycle  a t  

a p a r t i c u l a r  aspec t  angle .  

value over 18' i n t e r v a l s ,  so t h a t  the f i n e  g ra in  gain f luc tua t ions  do not  appear i n  

the  ca l cu la t ion .  

The te lemetry gain patterns have 

The pa t te rn  c u t s  were f i r s t  smoothed by using the median 
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The values  of maximum, minimum, and average prede tec t ion  SNR f o r  the RAM-C pre- 

l iminary t r a j e c t o r y  a r e  shown i n  F igs .  3-9 and 3-10. These ca l cu la t ions  give the 

SNR during a pulse i n t e r v a l ,  and a r e  based on system parameters a s  shown i n  the 

f igu res  . 
The equat ion used f o r  the ca l cu la t ions  i s  

e 

P t  Gr Gt i ( t> X L  
SNRi(t) = 

( 4 ~ r ) ~  KTB(NF) R2(t)L 
(3-2) 

where Gr i s  the  rece iver  antenna gain,  Gti( t )  a r e  the  t r ansmi t t e r  antenna gain time 

funct ions a s  discussed above, and the  o the r  parameters a r e  a s  def ined previously.  

Inspec t ion  of the curves ind ica t e s  t h a t  te lemetry SNR w i l l  be g rea t e r  than 34 db 

during the time the mis s i l e  i s  i n  view from Bermuda. 

i n t o  account the  e f f e c t  of the ion iza t ion  sheath during r een t ry ,  but  do allow f o r  a 

3 db loss due t o  ab la t ion  of the t e f l o n  windows on the  antennas a t  reent ry .  

The ca l cu la t ions  do not take 

F ig .  3-11 p l o t s  t he  normalized v e r t i c a l  and ho r i zon ta l  components of the E vec- 

t o r  a s  seen a t  Bermuda f o r  t h e  RAM-C shaped t r a j ec to ry .  Po la r i za t ion  i s  ho r i zon ta l  

over the l a r g e s t  par t  of the  mission. 

3 .  Radar Cross-Section Durinv Re-entry 

During re-entry,  the  estimated radar  c ross  sec t ion  of the RAM-C payload w i l l  be 

a l t e r e d  by the presence of a plasma sheath.  

been suggested [13] f o r  a monotonic descent  t r a j e c t o r y :  

The following sequence of events has 

Plasma begins t o  form about payload during f i r s t  contac t  with 

atmosphere. The s c a t t e r i n g  c h a r a c t e r i s t i c s  of the vehic le  w i l l  

not be a f fec ted  a t  t h i s  phase. 

Plasma becomes more dense a s  t he  shock wave becomes more pronounced. 

P a r t i a l  absorpt ion of e lectromagnet ic  waves occurs a s  plasma gradien t  

is not  yet  f u l l y  formed. 

poss ib le  a t  t h i s  phase. 

Plasma shock gradient  i n  s t agna t ion  region becomes s u f f i c i e n t l y  sharp 

t o  r e f l e c t  most of the inc ident  energy. 

Ref lec t ing  a rea  of shock and wake increases  with increas ing  re -en t ry  

dece lera t ion  of vehic le .  

When dece lera t ion  decreases  i n  l a t t e r  p a r t  of r e -en t ry ,  plasma densi-  

t y  and r e f l e c t i v i t y  a l s o  decreases .  

A t  the  conclusion of re -en t ry ,  the sheath has disappeared and the radar  

c ross  sec t ion  i s  determined by the r e t u r n  from the  charred capsule  su r -  

face.  

Double r e f l e c t i o n s  from shock and body a r e  
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The foregoing phases, a l though c e r t a i n  t o  occur during the  RAM-C mission,  a r e  

d i f f i c u l t  t o  eva lua te  on a q u a n t i t a t i v e  bas i s .  A vast  quan t i ty  of theory e x i s t s  as 

t o  the  s c a t t e r i n g  from a plasma t r a i l  of known phys io logica l .  c h a r a c t e r i s t i c s  [ 14 ,15 ] .  

However, i t  appears impract ical  t o  es t imate  these  c h a r a c t e r i s t i c s  a - p r i o r i  f o r  the 

RAM-C mission. 

I n  add i t ion  l i t t l e  o r  no empir ical  da t a  e x i s t  regarding the r e t u r n  from e l e c t r o n  

During a b r i e f  survey it  w a s  es t imated t h a t  the  s k i n  r e t u r n  from a vehi- grad ien ts .  

c l e  may be enhanced by as much as  10-30 db over a c e r t a i n  por t ion  of the  re -en t ry  

phase. 

I t  i s  thus impract ical  t o  obta in  e i t h e r  an  estimate of the  exac t  r e t u r n  01: of 

the  exac t  times of occurrence of t h i s  r e t u r n  wi th in  the  confines  of t h i s  study. For 

t h i s  reason, the e f f e c t  of re -en t ry  ion iza t ion  has been omitted from ana lys i s .  

E. CONDITIONAL DETECTION PROBABILITIES 

1. Def in i t i on  

The condi t iona l  de t ec t ion  p robab i l i t y  as ca lcu la ted  i n  t h i s  s e c t i o n  g ives  a mea- 

sure  of the  chance of determining i f  the s i g n a l  i s  present  o r  no t ,  cond i t iona l  on the 

event t h a t  the  t a r g e t  i s  i n  the  antenna beam a t  known range and frequency. 

A threshold type of dec i s ion  element i s  assumed, and i t  i s  commonly assumed t h a t  

a human operator  viewing an  osc i l loscope  d isp lay ing  the s i g n a l  approximates t h i s  type 

of element. 

range r e so lu t ion  has been est imated a s  .1 sec, corresponding t o  30 pulses  in t eg ra t ed  

a t  a pr f  of 300. 

The in tegra t ion  t i m e  assoc ia ted  with an  A-scope p resen ta t ion  wi th  good 

For the telemetry case,  cons idera t ion  must be given t o  the  f a c t  t h a t  the  a r r i v a l  

time of a pulse  i s  not  known; hence, video in t eg ra t ion  i n  the  usua l  sense by an  

osc i l loscope  is  not poss ib le  u n t i l  s u f f i c i e n t  s i g n a l  i s  developed t o  permit scope 

synchronizat ion.  The approximate prf i s  known, however, and an  osc i l loscope  may be 

s e t  t o  be i n  approximate synchronizat ion with the pr f  such t h a t  a n  imperfect  form of 

video in t eg ra t ion  may be achieved. 

For the  telemetry AGC as a d e t e c t o r ,  t he  threshold i s  sharp due t o  the  na ture  of 

the rece iver  c i r c u i t s .  Using AGC de t ec t ion ,  t he  d e t e c t i o n  p r o b a b i l i t y  i s  e s s e n t i a l l y  

uni ty  f o r  s i g n a l s  a t  the r ece ive r  input  of -95 dbm, and ze ro  f o r  s i g n a l s  smaller than 

t h i s .  The s i g n a l  l eve l  corresponds t o  a prede tec t ion  SNR of 10 db. 

I t  i s  important t o  d i f f e r e n t i a t e  between the  d e t e c t i o n  p r o b a b i l i t y  and the  pro- 

b a b i l i t y  of acquir ing and t racking  the  t a r g e t ;  t h i s  l a t t e r  p r o b a b i l i t y  takes  i n t o  

account unce r t a in t i e s  i n  frequency, angle  and range,  and is  considered i n  Sec t ion  

111- G. 
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The s i n g l e  look p robab i l i t y  of de t ec t ion  f o r  a f l u c t u a t i n g  signal has  been ca l -  

culated f o r  the  proposed RAM-C mission. The s i n g l e  look p robab i l i t y  is ca l cu la t ed  

as  descr ibed i n  Appendix F and is given by 

K 
SNR 

- 
PD c;: exp[- -1 (3-3) 

where ? is t he  average p robab i l i t y  of d e t e c t i o n  on a s i n g l e  look f o r  a fad ing  s ig -  

nal and SNR is  the  prede tec t ion  s ignal- to-noise  r a t i o ,  and K i s  a func t ion  of f a l s e  

alarm time and number of pu lses  in tegra ted .  

D 

The computation has been performed f o r  t h ree  radar  conf igura t ions  and a s i n g l e  

telemetry case as shown i n  Table 3-3. 

Table 3-3. Parameters for  Detect ion P robab i l i t y  Calcu la t ion  

Parameter 7-- - R a T : - * - - -  Te 1 eme t r y  -1 
-..- - - -__I)_--_ I -. - . ~ 

I 

I i 
i 
i 

2Mw I 400 W 
I 

Transmitted power 

Antenna Gain 36 .5  db 55 db 
I 
1 

(peak) 

Repet i t ion  Rate 625 PPS 1800 PPS 4 

Noise Figure 8 db 5 db 

Pulses  In t eg ra t ed  j 3 0 ,  100, 300 30 ( e f f e c t i v e )  

Frequency 1300 MC 

Antenna Temp 75O c 50° C 

Erndvid th  . 5  MC ! 2 MC 

I 9210 MC 1 
i 

Losses 2 db I 1.2 db 1 
I 

I f 
I 

j 

The empir ica l  radar  c ross  sec t ion  and te lemetry vehic le  antenna gain time h i s -  

t o r i e s  have been used. These h i s t o r i e s  a r e  shown i n  Appendix J .  The time h i s t o r i e s  

of de t ec t ion  p robab i l i t y  thus generated are p lo t t ed  i n  Fig.  3-12. 

The da ta  i n d i c a t e s  t h a t  a 90 per cen t  p robab i l i t y  of de t ec t ion  occurs a t  t = 388 

sec fo r  a t o t a l  i n t eg ra t ion  time corresponding t o  30 pulses .  A t  t h i s  time, the  

veh ic l e  is  very c lose  t o  Bermuda passage (occurs a t  approx. t = 398 sec)  such t h a t  i t  

is  doubt fu l  t h a t  t h i s  conf igura t ion  would be usefu l  f o r  i n i t i a l  acqu i s i t i on .  

c r e a s e  i n  in t eg ra t ion  t i m e  does not  appear t o  provide a s i g n i f i c a n t  improvement i n  

the  sense of an  e a r l y  de tec t ion .  It should be cautioned, however, t h a t  the probabi l -  

i t y  now discussed is condi t iona l  on the  f a c t  of beam containment and f u r t h e r  does not  

inc lude  the  e f f e c t s  of mul t ip le  looks. 

of i n i t i a l  a c q u i s i t i o n  with the telemetry system. 

An in- 

It does,  however, po in t  out  the  d e s i r a b i l i t y  
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1 -  

F . VOLUMETRIC UNCERTAINTIES 

1. Def in i t i on  

For a c q u i s i t i o n  p robab i l i t y  ca l cu la t ions ,  i t  is necessary t o  estimate the  pro- 

b a b i l i t y  d e n s i t i e s  t h a t  w i l l  permi t  ca l cu la t ion  of the p robab i l i t y  t h a t  the  t a r g e t  

i s  wi th in  def ined bounds on frequency, range, and both angular  coordinates .  These 

bounds de f ine  a four  dimensional volume, and from an e r r o r  a n a l y s i s  of the  system i t  

i s  poss ib l e  t o  estimate a four  dimensional p robab i l i t y  dens i ty  t h a t  s p e c i f i e s  the 

volumetric uncertainty.  

funct ion can be approximated by a mul t iva r i a t e  normal dens i ty ,  def ined by means and 

var iances  i n  each coordinate  and by c o r r e l a t i o n  c o e f f i c i e n t s  between each p a i r  of 

coordinates .  

The theory of e r r o r s  i nd ica t e s  t h a t  t he  des i r ed  dens i ty  

For the  case under cons idera t ion ,  c o r r e l a t i o n  between coordinates  is  assumed 

zero,  and it i s  only necessary t o  es t imate  mean values  and var iances  or  rms devia t ions  

i n  each coordinate  independently. The ca l cu la t ions  a r e  f u r t h e r  s impl i f i ed  f o r  the  

te lemetry case ,  s ince  range unce r t a in t i e s  need not  be considered. 

2. Frequency Uncer ta in t ies  

The t ransmit ted energy i n  both the case of radar  and te lemetry is  spread over a 

r e l a t i v e l y  wide bandwidth due t o  the  pulsed operat ion.  

roughly by the  r ec ip roca l  of the  pulse width and is  .5 mc f o r  the  radar  and 1 m c  f o r  

the telemetry.  Doppler frequency s h i f t s  during the RAM t r a j e c t o r y  w i l l  have values  

a s  s h a m  i n  Fig.  3-13, reaching 4-55 Kc f o r  t he  radar  and +192 K c  f o r  te lemetry;  i n  

both cases  less than 20 per  cent  of the energy spread. 

This bandwidth i s  given 

For the radar .  t he  t ransmi t ted  frequency is known p rec i se ly  and i f  adjustments 

a r e  made i n  r ece ive r  cen te r  frequency i n  accordance with p re - f l i gh t  information as i n  

Fig.  3-14, s i g n a l  degradat ion due t o  frequency uncer ta in ty  can be considered negl ig i -  

b l e  wi th  a r ece ive r  bandwidth of .5 Mc. 

For the  te lemetry case ,  an uncertainty as t o  t ransmit ted frequency must be con- 

s idered .  

t o  less than 5.5 Mc. 

r ece ive r  bandwidth of 2 M c ,  no frequency search w i l l  be required.  

SNR c a l c u l a t i o n s  have been based on t h i s  value of rece iver  bandwidth. 

It i s  suggested t h a t  p r e f l i g h t  checks be conducted t o  reduce t h i s  uncer ta in ty  

With t ransmit ted frequency known t o  t h i s  prec is ion ,  and with a 

The prede tec t ion  

Under the  condi t ions as discussed above, frequency uncer ta in ty  w i l l  be neg l ig ib l e  

f o r  both radar  and te lemetry,  and need not  be considered as con t r ibu t ing  t o  the  over- 

a l l  volumetr ic  uncer ta in ty .  

3. Angular Uncer ta in t ies  

The ana lys i s  and es t imat ion  of angular e r r o r s  is  described i n  d e t a i l  i n  Appendix C .  

This  a n a l y s i s  assumes t h a t  antenna and servo system spec i f i ca t ions  are met. The 
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e r r o r s  are divided i n t o  two broad c l a s ses  as t o  source;  po in t ing  e r r o r s  ( a t t r i b u t a b l e  

t o  the Langley system) and designat ion e r r o r s .  The ana lys i s  i nd ica t e s  t h a t  with 

proper choice of servo bandwidth, the f i r s t  c l a s s  of e r r o r  is small i n  comparison with 

the  est imated des igna t ion  e r r o r s  over t h a t  p a r t  of t he  t r a j e c t o r y  where a c q u i s i t i o n  

should take  place.  

Poin t ing  Errors  

Fig.  3-15 shows the  major systematic poin t ing  e r r o r s  i n  the  azimuth coord ina te  

as a func t ion  of time f o r  the RAM-C preliminary t r a j e c t o r y .  

a s  now planned, the  pa ra l l ax  e r r o r  and servo l a g  e r r o r  add d i r e c t l y ,  and both reach 

a maximum value a t  approximately the  same time during the  planned mission. 

mum servo bandwidth, t he  t o t a l  e r r o r  can be he ld  t o  less than  .1 . Systematic e r r o r s  

i s  e l eva t ion  a r e  n e g l i g i b l e  f o r  servo bandwidths g r e a t e r  than .5 cps.  

For the  antenna loca t ion  

A t  maxi- 
0 

The estimated random e r r o r s  a t t r i b u t a b l e  t o  the  Langley system are shown i n  

Fig.  3-16. For normal environmental condi t ions ,  these  e r r o r s  are small compared t o  

the  X-band beamwidth. 

Designation Er ro r s  

Sources of des igna t ion  da ta  include the  Bermuda a c q u i s i t i o n  bus and the p r e f l i g h t  

t r a j e c t o r y  da ta .  

with e i t h e r  a quad h e l i x  VHF Acquis i t ion Aid o r  the  FPS-16 o r  Ver lor t  radar .  

The acqu i s i t i on  bus uses  p r e f l i g h t  da t a  p r i o r  t o  achieving t r a c k  

Er ro r s  i n  des igna t ion  of the  system while s laved t o  the  a c q u i s i t i o n  bus, and 

when a t racking  source is on the  bus, are discussed i n  Appendix I. 

discussed i n  t h i s  appendix, t he  designat ion accuracy f o r  the  var ious  sources i s  

estimated. a s  shown i n  i a b i e  3-4 .  

Based on d a t a  as 

Condition 
t 

_ .  --. I I 

Accuracy (degrees rms) 

Slaving Tracking Total  rms --- .. -_ 
1 Acquis i t ion  Aid on bus 

Elevat ion 

Below loo i a b  l e  t racking  

.5 .535 

.25 .314 

.25 .277 

unr e 

<. 01 .190 

<. 01 .120 
! I 
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The o the r  poss ib l e  source of designat ion da ta  is the  p r e f l i g h t  t r a j e c t o r y  p r in t -  

ou t ,  and t h i s  information may be used t o  manually o r  au tomat ica l ly  poin t  t he  antenna 

continuously during the  mission o r  used t o  preset a bank of synchros t o  provide a set  

of f ixed  des igna te  poin ts .  The Bermuda bus, of course,  uses p r e f l i g h t  da t a  p r i o r  t o  

a c q u i s i t i o n  by the  Acquis i t ion  Aid or one of the  radars .  

t o  es t imate  the  p rec i s ion  with which des igna t ion  can be accomplished us ing  p r e f l i g h t  

da ta  . 

It i s  important,  t he re fo re ,  

To provide t h i s  es t imate ,  i t  would be d e s i r a b l e  t o  examine the h i s t o r y  of a l a rge  

number of near ly  i d e n t i c a l  t r a j e c t o r i e s ,  and t o  compare the  b e s t  estimate of t he  

a c t u a l  t r a j e c t o r i e s  with the  p r e f l i g h t  t r a j e c t o r i e s .  

ab le ,  hence Scout sho t s  S-129 and S-130 a r e  used t o  obta in  a n  estimate of the  e r r o r  

between p r e f l i g h t  and the most probable a c t u a l  t r a j e c t o r y .  Figs .  3-17 and 3-18 show 

the comparison between the  Bermuda FPS-16 radar  and LTV p r e f l i g h t  t r a j e c t o r i e s ,  f o r  

the i n i t i a l  p a r t s  of the  t r a j e c t o r i e s .  

This l a rge  sample is  not  a v a i l -  

The e l eva t ion  and azimuth e r r o r s  between the  p r e f l i g h t  and the FPS-16 t r ack  a r e  

These p l o t s  a l s o  ind ica t e  the  per iods of time during shown i n  Figs .  3-19 and 3-20. 

the mission t h a t  t he  FPS-16 w a s  t racking and providing v a l i d  da ta .  

The FPS-16 d a t a  is considered as represent ing  (with small e r r o r )  t he  a c t u a l  

t r a c k  of the  m i s s i l e .  To confirm t h i s  assumption, the Wallops FPQ-6 radar  da t a  and 

Bermuda FPS-16 da ta  w e r e  compared and found t o  be i n  r e l a t i v e l y  good agreement over 

the  por t ions  of t r a j e c t o r y  where both r ada r s  t racked simultaneously.  

shows t h i s  comparison f o r  the S-129 t r a j e c t o r y  over t he  period 200-250 secpnds, dur- 

Fig.  3-21 

5Eg :hick bcth radars track&. 

Inspect ion of the d i f fe rences  between the  p r e f l i g h t  da ta  and estimated a c t u a l  

t r a c k  as indica ted  by the radars  ind ica tes  t h a t ,  a s  would be expected, p r e f l i g h t  

da t a  is r e l a t i v e l y  use l e s s  f o r  designat ion i n  the high angular  rate por t ions  of the  

t r a j e c t o r y .  For the  i n i t i a l  p a r t  of the t r a j e c t o r y ,  a s  the t a r g e t  appears on the  

Bermuda horizon,  the  accuracy can be estimated from the two t r a j e c t o r i e s  s tud ied .  

The S-130 t r a j e c t o r y  does not compare favorably with the  planned RAM-C t r a j e c t o r y  

due t o  the  g r e a t e r  devia t ions  i n  Bermuda azimuth below 10' e l eva t ion  angle ,  hence i t  

i s  f e l t  t h a t  t he  l a rge  azimuth e r r o r  a f t e r  250 seconds is no t  r ep resen ta t ive  of t he  

e r r o r  t o  be expected i n  t h e  planned mission. U t i l i z i n g  the da ta  p r i o r  t o  250 seconds 

f o r  both t r a j e c t o r i e s  gives  es t imates  f o r  accuracy i n  designat ion,  using p re f l igh t  

d a t a ,  as shown i n  Table 3-5. 

A t  low e l eva t ion  angles ,  atmospheric beam bending becomes a n  important considera- 

The average values  of beam bending f o r  the RAM-C planned t r a j e c t o r y  have been t i on .  

ca l cu la t ed  a s  shown i n  Fig.  3-22, using the  CRPL exponent ia l  reference atmosphere. 
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Table 3-5. Estimated Designation Accuracy Using 
P r e f l i g h t  Data - RAM-C Mission. 

- -. - - - -  -- - -  .--- ._-- ---- 
Estimated Accuracy (deg rms) , -. . --  .- - - -  I _- _ _  Cond i t  ion 

I E levat ion angles  a t  i n i t i a l  
p a r t  of t r a j e c t o r y  (below 
15') 

i 
i .  . 
I 

Elevat ion 

A z i m u t h  

- - . . . . . 

.60 

.74 
_- - .. .. ..- 

I t  i s  assumed t h a t  compensation f o r  beam bending w i l l  be used i n  des igna t ion  a t  low 

e l eva t ion  using p re f l igh t  da t a ,  however, r e f r a c t i v i t y  v a r i a t i o n s  introduce an uncer- 

t a i n t y  i n  the cor rec t ions  of roughly 5% rms. A t  l o c a l  e l eva t ion  angles  of 2 , t h i s  

amounts t o  only .02 rms uncer ta in ty ,  and i s  neg l ig ib l e .  

0 

0 

Another source f o r  es t imat ion  of the p r e f l i g h t  des igna t ion  accuracy i s  the LTV 

mission accuracy ana lys i s .  For the planned RAM-C shaped t r a j e c t o r y ,  the two sigma 

devia t ions  over the complete t r a j e c t o r y  were not  a v a i l a b l e ,  however, the two sigma 

devia t ions  a t  fourth s t age  burnout a r e  quoted a s  +40,000 f t  i n  a l t i t u d e .  

Bermuda, t h i s  corresponds t o  an e l eva t ion  angle  uncer ta in ty  of about .9 rms a t  an 

e l eva t ion  angle of 22 and a t  357 seconds a f t e r  l i f t o f f .  This appears compatible 

with the es t imates  obtained above f o r  lower e l eva t ion  angles .  

From 
0 

0 

4. Range Uncertaint ies  

Range information may be obtained from e i t h e r  p r e f l i g h t  da ta  o r  from another  

radar  when the l a t t e r  i s  t racking.  Range accuracy f o r  the FPS-16 radar  is spec i f i ed  

a s  ten yards rms with high SNR. 

The range uncertainty using p r e f l i g h t  da ta  can be est imated from missions S-129 

and S-130, assuming t h a t  radar  t r ack  provided the actual  range wi th  small e r r o r .  

The s l a n t  range a t  which range uncer ta in ty  i s  of most i n t e r e s t  i s  about 150 m . m i l e s  

from Bermuda; t h i s  is the range a t  which radar  d e t e c t i o n  p robab i l i t y  'becomes s i g n i f i -  

can t .  

From the two missions s tud ied ,  the range unce r t a in ty  using range vs  time from 

l i f t o f f  p r e f l i g h t  da ta  is estimated as 11 n.mi rms a t  150 n.mi s l a n t  range. If 

ac tua l  angular  information i s  used ins tead  of range vs  time from the  p r e f l i g h t ,  t h i s  

uncer ta in ty  can be reduced considerably.  

G. PROBABILITY OF TARGET ACQUISITION 

1. General 

The instantaneous p robab i l i t y  of a c q u i s i t i o n  i s  usua l ly  def ined as the  average 

p robab i l i t y  of de tec t ion  given the  t a r g e t  is i n  a s p e c i f i e d  volume times the 
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probab i l i t y  t h a t  the t a r g e t  is i n  the volume. This p robab i l i t y  then g ives  a mea- 

su re  of performance t h a t  i s  use fu l  fo r  determining search processes.  

The a c q u i s i t i o n  p robab i l i t y  as defined above does not  include any cons idera t ion  

of the  t r a n s i t i o n  from t a r g e t  acqu i s i t i on  by a threshold de t ec to r  t o  the  automatic 

t racking mode. I n  determining system ope ra t iona l  procedures f o r  the Langley system, 

the achievement of automatic t r ack  i s ,  of course,  the des i r ed  goal. The sequence of 

events  t h a t  mus t  occur t o  reach the  au to t rack  mode i s  shown i n  diagramatic form 

i n  Fig.  3-23. In t h i s  diagram, the  acqu i s i t i on  p robab i l i t y  can be in t e rp re t ed  a s  

the p robab i l i t y  of a "YES" from the  t a r g e t  de tec ted  log ic  element. 

The approach t h a t  i s  followed i n  t h i s  s e c t i o n  i s  t o  es t imate  the  a c q u i s i t i o n  

p r o b a b i l i t i e s  f o r  both the  telemetry and radar  under var ious  condi t ions ,  and then 

t o  consider  t he  problem of achieving the  au to t rack  mode by examination of the remain- 

ing events t h a t  mus t  occur. 

2 .  X-Band Telemetry 

Detect ion p r o b a b i l i t i e s  f o r  t h e  t a r g e t  i n  the  main lobe of the  X-band telemetry 

antenna a r e  high (.= 1) during t h e  RAM-C t r a j e c t o r y .  The angular  unce r t a in t i e s ,  

therefore ,  become the most important cons idera t ion .  

The approximate sum p a t t e r n  gain c h a r a c t e r i s t i c s  of the 30' antenna a t  X-band 

a r e  shown i n  Fig.  3-24 .  

cons idera t ions  and the AGAC proposal document. 

This pa t te rn  has  been est imated from both t h e o r e t i c a l  

The main lobe 3 db beamwidth i s  

Gains Referred t o  .8 1 
Peak Gain = 0 db 

. 6  

0 

7-- 
Fig .  3 - 2 4 .  Approximate sum pat te rn  gain contours - X-band 30' antenna. 
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l -  

about .25O, and the  20 db beamwidth is  est imated a s  .5O. 

requi re  unambiguous angle  acqu i s i t i on  over a range of 2 . 1 3  . Note t h a t  the antenna 

i s  expected t o  have a gain of g rea t e r  than 25 db over an  angular  reg ion  of 1 diam- 

e t e r ,  except ,  of course,  f o r  t he  nu l l  regions.  When the  antenna becomes ava i l ab le ,  

t h i s  es t imated p a t t e r n  can be v e r i f i e d .  

Langley s p e c i f i c a t i o n s  
0 

0 

The p r o b a b i l i t i e s  of t he  t a rge t  l y ing  wi th in  a given angular  reg ion  have been 

ca l cu la t ed  by a computational rou t ine  as shown i n  Fig.  3-25. This rou t ine  takes  i n t o  

account the  var ious  angular  unce r t a in t i e s  (described i n  Appendix C and D and Sec t ion  

111-F. ) and c a l c u l a t e s  the  p r o b a b i l i t i e s  i n  accordance wi th  the  models descr ibed i n  

Appendix B. 
0 0 The r e s u l t s  of the  ca l cu la t ion  f o r  angular  diameters of .25O, .5 , and 1 are 

shown i n  Fig.  3-26. I n  t h i s  f igure ,  it i s  assumed that p r e f l i g h t  da t a  i s  used p r i o r  

t o  10 e l eva t ion  angle ,  and then designat ion da ta  from the  quad h e l i x  acqu i s i t i on  

a i d  i s  used. 

a s  given i n  Table 3-5. This source of e r r o r  is  l a r g e r  by f a r  than any o the r s  con- 

s ide red ,  a t  servo bandwidths of 2.5 cps.  

0 

The d i s c o n t i n u i t i e s  a r i s e  from the Acquis i t ion Aid des igna t ion  accuracy 

When the FPS-16 i s  providing designat ion da ta  the  p r o b a b i l i t i e s  are as shown i n  
0 0 0 Fig.  3-27, f o r  angular  diameters of .25 , .5 , and 1 . 

Since the  p robab i l i t y  of de tec t ion  when the  t a r g e t  is i n  the  main lobe is  essen- 

t i a l l y  uni ty ,  the curves wi th  angular diameter of .25 may be in t e rp re t ed  a s  g iv ing  

the  p robab i l i t y  of de t ec t ing  the  t a rge t  i n  the  acqu i s i t i on  beamwidth with no scanning. 

This p robab i l i t y  is small f o r  both the  Acquis i t ion  Aid and FPS-16 cases .  

When cons idera t ion  is given t o  the  p o s s i b i l i t y  of de t ec t ing  t h e  target withtr? 

t h e  20 db beamwidth, the  curves of .5O angular  diameter are appl icable .  

of 20 db from the  curve of prede tec t ion  SNR (Fig. 3-10) ind ica t e s  a minimum s i n g l e  

pulse  SNR of 14.1 db, providing a de tec t ion  p robab i l i t y  of a t  l e a s t  .96. 

Subt rac t ion  

There i s  a l s o  a r e l a t i v e l y  high d e t e c t i o n  p robab i l i t y  i n  the  f i r s t  o rder  s ide-  

lobes ,  i nd ica t ing  t h a t  these  may be use fu l  f o r  a s s i s t i n g  i n  t a r g e t  acqu i s i t i on .  A t  

t h e  30 db contour,  the  minimum prede tec t ion  SNR expected is 4.1 db, corresponding 

t o  a s i n g l e  pulse  p robab i l i t y  of de tec t ion  of about .67. This SNR l e v e l  w i l l  no t  

a c t i v a t e  the  r ece ive r  AGC c i r c u i t ,  but  the  signal should be v i s i b l e  on an  osc i l l o -  

scope. 

It is  poss ib le  t o  c a l c u l a t e  a composite a c q u i s i t i o n  p robab i l i t y  by weighing 

each area p robab i l i t y  element by the p robab i l i t y  of de t ec t ion  given the t a r g e t  is 

i n  t h a t  element; however, it i s  f e l t  that because of the h2gh de tec t ion  probabi l i -  

t ies  over the  e n t i r e  lo width,  t h e  canposi te  probabi l i ty  w i l l  not  be s i g n i f i c a n t l y  

d i f f e r e n t  than t h a t  ca lcu la ted  assuming un i ty  de t ec t ion  p robab i l i t y  over the e n t i r e  
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F i g .  3-27 .  P r o b a b i l i t y  of t a r g e t  i n  a n g u l a r  r eg ion  s p e c i f i e d  wi th  FPS-16 prov id ing  d e s i g n a t i o n  d a t a  -- 
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0 1 diameter.  The a c q u i s i t i o n  p r o b a b i l i t i e s  as ca l cu la t ed  i n d i c a t e  t h e  d e s i r a b i l i t y  

of a scan mode, p a r t i c u l a r l y  i n  the  t i m e  per iod p r i o r  t o  290 secs. 

The a c q u i s i t i o n  p r o b a b i l i t i e s  a r e  s i g n i f i c a n t l y  higher  during per iods when the  

FPS-16 i s  t racking.  The times t h a t  t h i s  r ada r  w i l l  t r a c k  are  unknown, and judging 

from performance on S-129, it appears d e s i r a b l e  t o  have the  c a p a b i l i t y  t o  achieve 

a c q u i s i t i o n  and autotrack with errors a s  expected from the  p r e f l i g h t  d a t a  and Acqui- 

s i t i o n  Aid. 

The rectangular  angular  coverage (about t h e  continuous des igna t ion  po in t s )  

required t o  a s s u r e  high p robab i l i t y  of t h e  t a r g e t  being contained i n  the  a rea  has 

been ca l cu la t ed  fo r  var ious RAM-C mission time segments a s  shown i n  Table 3-6. 

Table 3-6. E s t i m a t e d  angular  coverage around the  designate  

po in t  required f o r  s p e c i f i e d  p r o b a b i l i t y  of t a r g e t  i n  a r e a ;  

RAM-C mission. 

1 

Time Designation Source Area P r o b a b i l i t y  of 
Target i n  Area (Secs a f t e r  

L i f t o f f )  b A z  x 4 E l  
. _  

140 - 230 

230 - 280 

280 - 420 

- 

140 - 230 

230 - 280 

280 - 420 

- - -- - __ - - - . . . 

Scan Requirements 

P r e f l i g h t  Data 

AA on bus 

AA on bus 

FPS-16 on bus 

P r e f l i g h t  Data 

AA on bus 

AA on bus 

FPS-16 on bus 

-_  - 

3.38' x 2.68' 

1.25' x 2.39O 

1.25' x 1.41° 

.57 .a?' 

4.24' x 3.45O 

1.61' x 3.08O 

1.61' x 1.82' 

.73 x 1 . 1 2 O  

--. . - - - _. . -. - 

.95 

.95 

.95 

.95 

.99 

.99 

.99 

.99 

The mechanical l i m i t a t i o n s  on scanning times f o r  var ious types of scan have been 

Other cons ide ra t ions  a f f e c t i n g  t h e  choice of scan include considered i n  Appendix G. 

t he  times t h a t  the t a r g e t  w i l l  remain wi th in  the  d e t e c t i o n  beamwidth, and t h e  

method used i n  making the  t r a n s i t i o n  from a search mode t o  the  au to t r ack  mode. For  

example, i n  using slow scans,  the  t a r g e t  may remain w i t h i n  the  a c q u i s i t i o n  beamwidth 

f o r  a s u f f i c i e n t  time t o  enable the  ope ra to r  t o  i n s p e c t  t he  error s i g n a l s  and c l o s e  
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the  t racking  loops. For somewhat f a s t e r  scans,  t he  scan must be stopped o r  switched 

t o  a manual mode while  t he  opera tor  assures  himself t h a t  the  t a r g e t  is i n  the  main 

lobe and t h a t  s u f f i c i e n t  SNR e x i s t s  f o r  r e l i a b l e  t racking.  

Calcu la t ions  of scan amplitudes and times required t o  complete one scan have 

been made a s  shown i n  Table 3-7, fo r  var ious condi t ions .  

source of des igna te  da ta  correspond t o  t h a t  of Table 3-7 f o r  the  95% probab i l i t y  

case.  

required under var ious  condi t ions ,  and t o  a s s i s t  i n  s e l e c t i n g  scan parameters. 

The a rea  coverage and 

These ca l cu la t ions  are intended t o  show the  order  of magnitude of the  times 

Inspec t ion  of the  d i f f e r e n t  cases f o r  the  time period during which p r e f l i g h t  d a t a  

des igna t ion  is assumed (140-230 secs) ind ica t e s  t h a t  several cases a r e  c l e a r l y  not  

f e a s i b l e ;  and it  appears  t h a t  f o r  reasonable a c q u i s i t i o n  times, r e l i ance  m u s t  be 

placed on de tec t ing  the  t a r g e t  i n  e i t h e r  the  mainlobe o r  t he  f i r s t  order  s ide lobes ,  

then switching t o  a manual scan about the  des igna t ion  poin ts  t o  br ing  the t a r g e t  

w i th in  the acqu i s i t i on  beamwidth. In  order  t o  provide an  average dwell  time i n  the  

main lobe and 1st order  s ide lobes  s u f f i c i e n t  t o  s t o p  the  scan and switch t o  manual, 

a scan a t  least as slow as t h a t  given i n  condi t ion  F. (140-230 sec  time per iod)  

appears des i rab le .  

For those times when the  Acquis i t ion Aid i s  providing da ta ,  the  scan requirements 

are l e s s  severe,  and a simple c i r c u l a r  scan as i n  F (or slower) f o r  the  230-280 sec 

time period should s u f f i c e  f o r  t a rge t  de tec t ion .  

Scan requirements when the  FPS-16 is on t h e  bus are minor, and a s l i g h t  manual 

scan about the des igna t ion  points  should e a s i l y  br ing  the  t a r g e t  wi th in  the  acquis i -  

t i o n  beamwidth. 

One f a c t o r  t h a t  has no t  been considered above is  the  p o s s i b i l i t y  of f a s t  j i t t e r  

(noise)  i n  the  des igna t ion  data. The above scan cons idera t ions  assume t h a t  the  

des igna te  source provides smooth t racking a t  the  average ve loc i ty  of the  t a r g e t ,  

and hence, r e l a t i v e  motion of the ta rge t  with r e spec t  t o  the designated pos i t i on  is 

small .  

The des igna t ion  da ta  obtained i n  the dynamic test  a t  Bermuda contained j i t t e r  
0 0 t h a t  averaged about .1 m s  i n  azimuth and .05 nus i n  e l eva t ion  (see Figs.  D-5 and 

D-6, Appendix D), and had an apparent c o r r e l a t i o n  time of about 2 seconds. It is 

unce r t a in  whether t h i s  j i t t e r  or ig ina ted  i n  the  d i g i t a l  readout and/or FPS-16 servo,  

o r  whether it w a s  present  on the  input t o  the  FPS-16 servo. 

P r o b a b i l i t y  of X-Band Acquisi t ion a t  A Fixed D e s i w t e  Poin t  

The previous ca l cu la t ions  have considered the  uncer ta in ty  about continuous desig- 

n a t i o n  poin ts .  Another technique useful f o r  i n i t i a l  acqu i s i t i on  involves holding 

the antenna s t a t iona ry  a t  a f ixed elevat ion angle ,  and wai t ing  u n t i l  the  t a r g e t  appears 
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T a b l e  3 - 7 .  S c a n  a m p l i t u d e s  a b o u t  d e s i g n a t e  p o i n t s  
a n d  times r e q u i r e d  t o  cover area. 

A p p r o x .  A v e r a g e  
I'itnv > \ f c ~ r  1 i i t < r f f  C o n d i t i o n  Type of S c a n  C o o r d i n a t e  Eqs. Frame Time Dwell  Time 
! R A b l - ~ '  E l i  I S  i o n  ( d e g r e e s  ) ( s e c s )  ( s e c s )  

1 

:' -.?' 

( A )  T a r g e t  a p p e a r s  w i t h i n  3db L i s s a j o u s  Raster 48 = 1 .5  s i n  15 ,I) t 
heamwidth  ( . 2 5 " )  a t  least 
o n r e  w i t h  .95 p r o h a b i l i t y .  9 = 1 . 2  s i n  1 1 ,  t 

( M x .  R a t e )  

,)> = . I 3  r p s  

( f i )  Average  t i m e  i n  3db bram- 
w i d t h  i s  o n e  s e c o n d  w i t h  
.95  p r o b a b i l i t y  of  t a r g e t  
i n  a r e a  s c a n n e d .  

( C )  T a r g e t  a p p e a r s  w i t h i n  20dh 
beamwidth  ( . 5 O )  a t  l e a s t  
once  w i t h  . 9 5  p r o b a b i l i t y .  

( P )  Average  t i m e  i n  20dh beam- 
w i d t h  i s  o n e  s e c o n d  w i t h  
. 9 5  p r o b a b i l i t y  of  t a r g e t  
i n  a r e a  s c a n n e d .  

L i s s a j o u s  Raster 4rr = 1 . 5  s i n  15 ii) t 

4 p  = 1 . 9  s i n  1) t 

= ,013 r p s  

L i s s a j o u s  R a s t e r  h R  = 1.4 s i n  7 1 )  t 
(Max. R a t e )  

&Q = 1.1 s i n  ~ $ 1  t 

/ I >  = . 2 9  r p s  

L i s s a j o u s  Raster Ai? = 1 .4  s i n  7 ) >  t 

3 = 1.1 s i n  (ii t 

1) = .063 r p s  

(F) T a r g e t  a p p e a r s  i n  a r e a  L i s s a j o u s  Raster 26 = 1 . 2  s i n  2 t 
i n c l u d i q  1st o r d e r  s i d e -  
l o b e s  (1 ) a t  l e a s t  o n c e  +y> = . 9  s i n  t 
w i t h  . 95  p r o b a b i l i t y .  

(Max. R a t e )  

8 ,  = 1.1 r p s  

(F) T a r g e t  a p p e a r s  i n  a r e a  i n -  L i s s a j o u s  R a s t e r  45 = 1 . 2  s i n  2 ,  t 
c l u d i n g  1s t  o r d e r  s i d e l o b e s  
for a v e r a g e  t i m e  of  o n e  '!q = .9 s i n  I ,  t 
s e c o n d  w i t h  . 9 5  p r o b a b i l i t y  
of t a r g e t  i n  a r e a  s c a n n e d .  k = . 5 2  r p s  

[ A I  ( S e e  Above)  L i s s a j o u s  Raster 56 = . 5  s i n  , t 
(Max. R a t e )  s 

9 = 1.1 s i n  6 - t 

N >  = . 2 7  r p s  

16 = . 5  s i n  t 

Q = 1.1 s i n  6 t 

L i s s a j o u s  R a s t e r  

= , 044  r p s  

L i s s a j o u s  Raster 36 * , h  s i n  . t 
( M x .  Rate) s 

4 = 1 . 0  c o s  2 t 

= .86 r p s  

L i s s a j o u s  Raster \t' = .i, s i n  t 

4 = 1.0 2 S t  

- . 3 1 4  r p s  

C i r c u l a r  
( M X .  R a t e )  

- 1 '  ' , r e  ' i ~ n c c d i y  f , r  d r r i v a t i o t i s  c , f  i r a m r  a n d  d w e l l  t i m e s .  
' r a v ,  t i m r  f o r  r a s t e r  i s  f o r  o n e  c o v e r a g e  of  a r e a .  

, a h o u t  c o n t i n u o u s  = a z i m u t h  scan  

= , ~ ~ , , ~ ~ i ~ ~ ~  , d e s i g n a t i o n  d a t a  

!,.,:,I1 t i m e  i n  a v e r a ~ e  t i m e  t a r g e t  is i n  s p e c i f i e d  b e e m w i d t h .  
-4 1- 

= .4 s i n  t 

4' = .4  cos t 

\ = 2 . 7 0  r p s  

2 4 . 0  . i n  

240 .  0 1 , OfJ 

11.0 . 2 2  

5 0 . 0  I . Of1 

2 . 9  .47 

6 . 1  1.0 

11.6 

7 1 . 2  1.00 

16 

3 .6  36 

2 . 3  , 5 x  



Table 3-7. Scan amplitudes about designate points and 
times required to cover area. (Continued) 

Approx. Average r 

Timt.  After Liftoff Condition Type of Scan Coordinate Eqs. Frame Time Dwell Time 
M ? 1 - C  Vission (degrees) (secs) (secs) 

Circular hQ = .4 sin ili t 4 . 0  1.00 

&q * .4 cos '3 t 

3 = 1.57 rps  

. 22  40 - .5 sin ust 8.4 

crp = .6 sin 6 (uBt 

P = .37 rps  

Liesajous Raster 
(Mx. Rate) 

(A ) 

(M Designation) 

1 

2 8 0 4 2 0  Lissajous Raster ,&e = .5 sin io t 

&q = .6 sin 6 LU t 

io = .OB rps 

38.0 1.0 

2 8 0 - i l 0  2.6 .52 Lissajous Raster 
(Max. Rate) 

43 = .4 sin I) t 

b p  = .5 sin 2 u t 

'u = 1.2 r p s  

Lissajous Raster 40 - .4 sin (I) t 

@ -  . 5  sin 2 (u t 

(u - .63 r p s  

5.0 1.0 2 8 0 4 2 0  

2 8 0 4 2 0  Circular 
(Max. Rate) 

40 = .2 sin LU t 

4 p '  . 2  cos 3 t 

u - 3.90 rps 

1.6 .40 

730-L20 Circular 4.0 1.0 40 = . 2  sin w t 

'4p = . 2  cos u t 

u = 1.57 r p s  

fFPS-16 
Designation) 

Lissa jous Raster 
(Max. Rate) 

&? = . 2  sin ii t 

(bp = . 3  sin 2 w t 

'ii = 1.6 rps 
8 

2.0 . 3 3  

(FPS-16 (B) 
Designation) 

Lissajous Raster 3-9 - . 2  sin (I) t 

4 p  = .3 sin 2 u) t 

J = 1.0 r p s  

6.2 1.0 

i 
L p =  . 2  sin u t 

Lu = 3.85 rps 

Sector 

No Scan Required 

1.6 1.5 

No Scan Required 
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i n  the  beam. The a c q u i s i t i o n  p r o b a b i l i t i e s  a r e  modified by the f a c t  t h a t  i t  i s  a 

c e r t a i n t y  t h a t  the t r a j e c t o r y  c rosses  the  f ixed  e l eva t ion  angle ,  and azimuth'uncer- 

t a i n t i e s  a r e  a l l  t h a t  need be considered. 

A t  a f ixed  e l eva t ion  and azimuth angle  s e t  by p r e f l i g h t  d a t a ,  (of value on the 

order  of 5' i n  e l eva t ion ) ,  the p robab i l i t y  t h a t  the  t a r g e t  w i l l  appear i n  var ious  

beamwidths i s  given i n  Table 3 - 8 .  

average dwell  times i n  the beamwidths spec i f i ed ,  f o r  the RAM-C prel iminary t r a j e c t o r y .  

Also i n  t h i s  t a b l e  a r e  l i s t e d  the maximum and 

Table 3 - 8 .  P r o b a b i l i t i e s  and time i n  beam a t  f ixed designate  
poin t  a t  l o w  e l eva t ion  angle  (= s o ) ;  RAM-c mission. 

I - - I  . .  . -  -. .. - . . I , .~ . .. .. - . .., . . .. . ....... . -- . .. 

Beamwid t h  

.25O ( 3  db) 

I 

Prob. of Target Appearing Max D w e l l  Avvrox. Avr. 
i n  Beam Specif ied Time fSecs)  Dwell Time 

.14 2.5 
(Secs. ) 

2.0 1 
I .50° (20  db) .26 5.0 3.9 j 
I 1.0' ( includes 1st .50 10.0 7 . 8  ! 

order  s ide lobes)  j 
_I___. -- -- - -.-. -__ ~ __. . .  . I 

Thus, by using p r e f l i g h t  da ta  t o  s e t  the antenna a t  a low e leva t ion  angle ,  

there  i s  about a 50% chance t h a t  the t a r g e t  w i l l  be de tec ted  i n  the main lobe o r  

f i r s t  order  s idelobes.  The dwell  times a r e  r e l a t i v e l y  long, and i t  should be possi-  

b l e  f o r  a s k i l l e d  opera tor  t o  switch t o  manual t r a c k  and eventua l ly  achieve the 

au to t rack  mode. 

3 .  L-Band Radar 

A t  L-band, the 3 db beamwidth of the  30 f t  antenna i s  expected t o  be 2 , hence 

angular  unce r t a in t i e s  a r e  not a s  important i n  a c q u i s i t i o n  p robab i l i t y  ca l cu la t ions  

a s  i n  the X-band case .  Radar de t ec t ion  is not  a t  a l l  probable before 300 seconds 

a f t e r  l i f t o f f  ( for  the RAM-C preliminary t r a j e c t o r y ) ,  and a t  t h i s  time i t  is reason- 

ab le  t o  assume t h a t  e i t h e r  the X-band system, Acquis i t ion  Aid, or  FPS-16 radar  have 

0 

achieved au to t rack  and a r e  providing des igna t ion  da ta .  

a r e  t racking,  the p robab i l i t y  of the t a r g e t  being wi th in  the 3 db antenna beamwidth 

i s  .99. 

When any of these systems 

Thus, the acqu i s i t i on  p robab i l i t y  f o r  the r ada r  w i l l  be e s s e n t i a l l y  the same as 

the condi t iona l  de t ec t ion  p robab i l i t y  considered previously i n  Sec t ion  111-E. , except 

t h a t  the ca lcu la t ions  should be re f ined  by cons ider ing  the  a c t u a l  de t ec t ion  technique 

t o  be used, and the unce r t a in t i e s  i n  t a r g e t  range. 
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Because of rapid t a r g e t  motion in  range, it w i l l  no t ,  i n  general ,  be poss ib le  

I -  

* 

t o  achieve the  estimated .1 second e f f e c t i v e  i n t e g r a t i o n  t h a t  an A-scope has been 

found t o  approximate. 

has been derived and can be r e l a t e d  t o  the  range r a t e  by 

The maximum number of pulses  ava i l ab le  f o r  scope i n t e g r a t i o n  

kTfr 
n = -  1 < n < . I f r  

2 i  
( 3 - 4 )  

where n is  the number of pu l se s  in tegra ted ,  T is the p u l s e  width, H is the  range 

r a t e  i n  secs / sec ,  f i s  the  p r f ,  and k i s  a cons tan t  near un i ty ,  depending on the  

range displayed and scope reso lu t ion .  A value of k = 1 gives l i t t l e  e r r o r .  "n" 

has been ca lcu la ted  f o r  the  RAM-C t r a j ec to ry  and a prf of 520 pps and i s  p lo t t ed  i n  

F i g .  3-28. 

r 

By u t i l i z i n g  the number of pulses ca lcu la ted  above, the  scope i n t e g r a t i o n  gain 

i s  ca l cu la t ed  a s  shown i n  Fig. 3-28, f o r  the mission time period of i n t e r e s t .  F r o m  

the in tegra ted  SNR, the  p robab i l i t y  of a c q u i s i t i o n  ( i n  t h i s  case,  the  approximate 

instantaneous p robab i l i t y  of seeing the  t a r g e t  once on the  A-scope) i s  ca l cu la t ed  

a s  shown i n  Fig.  3-29, f o r  a f luc tua t ing  t a r g e t .  A .9 acqu i s i t i on  p robab i l i t y  is 

not achieved p r i o r  t o  VHF blackout.  

T rans i t i on  from Radar Detection t o  Tracking 

To permit automatic angle  t rack  a t  p rede tec t ion  SNR's below 10 db, range t rack-  

I f  ing ,  e i t h e r  manual o r  automatic,  must be achieved p r i o r  t o  angular acqu i s i t i on .  
i'ne range gate "idtil  exceeds L1- --.I-- -2a-L. 4-L- -r,.a-*-,.*a-r cxm .. ..,,a i r r  T . 4 d - n  

L l l r  p u l a s  W L U L L I ,  8-11- yLC;UCCCG.CLV'* "'.A, UUGU A*' **VC" 

i n t e g r a t i o n  gain ca l cu la t ions  must be decreased by the  r a t i o  of ga te  width t o  pulse  

width.  The maxim- two-way range r a t e  f o r  t he  RAM-C mission is expected t o  be 

42 psec/sec a t  360 seconds a f t e r  l i f t o f f .  

t i v e  in t eg ra t ion  time w i l l  be on the order  of .005 secs ,  corresponding t o  about 

2.5 pulses  in tegra ted  a t  a prf  of 500. Thus, automatic range t racking ,  i f  used, 

m u s t  be e s s e n t i a l l y  accomplished on a s i n g l e  pulse  bas i s ,  and the  prede tec t ion  SNR 

requi red  w i l l  be a t  l e a s t  4-6 t o  10 db. 

For a f i r s t  o rder  range servo,  the e f f ec -  

Manual range t racking  may be used by pos i t ion ing  the ga te  on the  A-scope r e tu rn .  

Another a l t e r n a t i v e  would be t o  s e t  the  ga t e  width t o  accommodate ranges from 150 t o  

80 n.mi; t o  do t h i s ,  the  ga te  width m u s t  be 860 psec. 

the  averaged prede tec t ion  SNR by 26 db, f o r  a 2psec pulse.  

A gate  t h i s  wide w i l l  reduce 

For manual t racking  by a sk i l l ed  opera tor ,  a ga te  of roughly twice the  pulse  

width can be maintained on the  s igna l .  A t  the  r a t e s  required f o r  RAM-C, the  opera- 

t o r  w i l l  have t o  have considerable  p rac t i ce ,  and ve loc i ty  aided range t racking  3 db 

w i i i  occur. 
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Once range t racking i s  accomplished by the manual technique as above, o r  by 

automatic c i r c u i t r y ,  the  acqu i s i t i on  i n  angular  coordinates  may commence. To avoid 

degradat ion of the X-band system, the azimuth angle t racking  servo bandwidth should 

a t  l e a s t  1 cps during Bermuda passage; t h i s  bandwidth gives  a maximum l a g  e r r o r  of 

.04O. 

The servo bandwidth i s  reduced a t  low prede tec t ion  s igna l - to-noise  r a t i o s  i n  a 

properly ad jus ted  system by the f a c t o r  SNR/(l + SNR), therefore ,  t o  prevent the 

servo l ag  e r r o r  from becoming excessive a t  low values  of SNR, the loop bandwidth a t  

high SNR should be s e t  near maximum (2.5 cps ) .  

For a r a t i o  of pr f  t o  servo bandwidth of 52012.5 = 208, t r ack  w i l l  not  be main- 

ta ined a t  a predetect ion SNR of l e s s  than approximately -7 db [2 ] .  A t  t h i s  SNR, the 

servo bandwidth would be reduced t o  about .35 cps.  The degradat ion assumed f o r  im-  

p e r f e c t  range t racking ind ica t e s  t h a t  the SNR on a s i n g l e  pulse  bas i s  must be a t  

l e a s t  -4 db t o  have any p o s s i b i l i t y  of achieving au to t rack .  

We can then conclude t h a t  f o r  the planned RAM-C mission, and f o r  the  estimated 

s igna l - to-noise  r a t i o s  a s  ca l cu la t ed ,  au to t r ack  w i l l  not be achieved p r i o r  t o  370 

seconds a f t e r  l i f t o f f .  During re -en t ry ,  s u f f i c i e n t  s i g n a l  enhancement may occur t o  

obta in  and maintain t rack.  I f  ca re fu l  range ga t ing  is not  used, however, t rack  

cannot be achieved a t  a l l  dur ing the mission except poss ib ly  during enhancement a t  

re-entry.  To achieve t r ack  a t  370 t o  380 seconds, ca re  mus t  be taken t o  assure  t h a t  

the system performs as theory would ind ica t e ,  and radar  opera tors  should be given 

p rac t i ce  i n  range t racking  weak s igna l s  during simulated missions.  

I n  summary, the b e s t  technique f o r  achieving a c q u i s i t i o n  and au to t rack  with the 

X-band system would appear t o  be a s  follows: 

1. 

2. 

3. 

0 Set  antenna a t  e l eva t ion  and angle  of about  3' - 5 
azimuth angle given by p r e f l i g h t  da t a ,  and await  a r r i v a l  of t a r g e t .  

I f  de tec t ion  occurs ,  switch t o  a manual scan and a t t e m p t  t o  achieve 

autotrack.  I f  the  t a r g e t  i s  not  seen by 10 seconds a f t e r  the time 

corresponding t o  the designate  poin t ;  then,  

Switch t o  the  acqu i s i t i on  bus and s ta r t  a slow r a s t e r  scan about the 

designat ion data  of amplitude a s  given i n  Table 3-6, observing the 

video s igna l  amplitude on an osc i l loscope  sweeping approximately i n  

synchronization with the p r f .  A s  the  s i g n a l  i s  de t ec t ed ,  s top  the  

au to  scan and switch t o  a manual scan about  the  des igna t ion  d a t a ,  and 

at tempt  t o  achieve au to t rack .  

When the FPS-16 acqu i re s ,  use a slow c i r c u l a r  manual scan about the 

designate  points  t o  achieve au to t rack .  

corresponding 
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4 .  To assist  i n  br inging  the  t a r g e t  w i th in  the  a c q u i s i t i o n  beamwidth 

a f t e r  de t ec t ion ,  i t  is des i rab le  t o  provide v i s u a l  d i sp l ays  wi th  

de tec ted  s igna l  amplitude (non-AGC con t ro l l ed )  on the  v e r t i c a l  a x i s  

and scan displacement on the  hor izonta l  a x i s ,  wi th  a d i sp lay  f o r  

each coordinate .  

H. SUMMARY AND CONCLUSIONS 
The s t u d i e s  of de t ec t ion  and acqu i s i t i on  p r o b a b i l i t i e s  have ind ica ted  t h a t  detec- 

t i o n  p r o b a b i l i t i e s  f o r  t he  X-band telemetry are e s e e n t i a l l y  un i ty  f o r  the  t a r g e t  i n  

the  main lobe and f i r s t  order  s idelobes.  The de tec t ion  p r o b a b i l i t i e s  f o r  t he  L-band 

r ada r ,  with a conf igura t ion  a s  now planned, are small except during the  re -en t ry  

period when the ion iza t ion  wake may provide a n  uncer ta in  amount of signal enhancement. 

Acquis i t ion  p robab i l i t y  f o r  the X-band system has been evaluated f o r  s eve ra l  

ca ses ,  depending upon the  beamwidth considered. The p r o b a b i l i t i e s  using no scan, and 

assuming the  most probable designat ion sources ,  are r e l a t i v e l y  small u n t i l  the  

Bermuda FPS-16 acqui res  the  t a rge t .  To achieve a c q u i s i t i o n  a t  e l eva t ion  angles  

below 15 , it  is des i r ab le  t o  have capab i l i t y  of au tomat ica l ly  scanning the  antenna 

slowly about the continuous des igna te  poin ts .  

as ind ica ted  f o r  var ious  mission times i n  Table 3-6. To achieve t h e  area coverage 

i n  a reasonable  t i m e ,  w i th in  the  l imi t a t ions  of the  d r ive  system, i t  is suggested 

t h a t  r e l i a n c e  be placed on de tec t ion  in  the  f i r s t  order  s ide lobes ,  a s  we l l  a s  the 

main lobe,  and dependance placed upon opera tor  s k i l l  t o  manually achieve au to t rack  

a f t e r  s i g n a l  de tec t ion .  To a id  in  accomplishing t h i s  l a t t e r  task ,  add i t iona l  equip- 

ment , such as osc i l loscopes  d isp lay ing  de tec ted  video amplitude vs  scan displacement,  

a r e  des i r ab le .  

0 

The scan should provide a rea  coverage 

The achievement of the  au to t rack  mode by the radar  p r i o r  t o  re-entry i s  very 

improbable. I f  considerable  signal enhancement occurs during re -en t ry ,  and i f  manual 

range ga t ing  is s k i l l f u l l y  accomplished, au to t rack  i s  poss ib le  p r i o r  t o  X-band black- 

out .  To a s su re  the  success of achieving au to t r ack  during re-entry,  care should be 

taken t o  s e e  t h a t  t he  radar  performs as theory p red ic t s ,  and t h i s  f a c t  confirmed by 

ex tens ive  tests. 
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I V .  RADIO FREQUENCY INTERFERENCE STUDIES 

A. SYSTEM DESCRIPTION 

The combination radar  and telemetry system uses a s i n g l e  30 foo t  diameter,  

cassegra in ian  r e f l e c t o r  antenna. A monopulse feed and hybrid system y i e l d s  sum, 

azimuth d i f f e rence ,  and e l eva t ion  d i f fe rence  signals simultaneously f o r  ho r i zon ta l  

and v e r t i c a l  po la r i za t ions  a t  X-band ( o r  S-band). I n  add i t ion ,  a s i m i l a r  system f o r  

v e r t i c a l  po la r i za t ion  a t  L-band is provided. The X-band (or S-band) u n i t  pass ive ly  

rece ives  telemetry signals while t he  L-band u n i t  i s  used f o r  a c t i v e  ( radar )  t rack-  

ing. 

Mounted on the  antenna pedes ta l  a r e  f i l t e r s ,  ampl i f i e r s ,  l o c a l  o s c i l l a t o r  

m u l t i p l i e r s ,  and mixers a s  required to  de r ive  the  f irst-intermediate-frequency 

outputs  of the  radar  and te lemetry channels. 

is  a l s o  present .  

f o r  r ada r  and te lemetry.  I n  the automatic t racking  mode, e r r o r  signals are re turned  

t o  the  antenna d r ive  servo system. 

An L-band duplexer f o r  radar  opera t ion  

The remaining primary u n i t s  a r e  normally located i n  separa te  vans 

B. TELEMETRY RECEIVER CHARACTERISTICS 

A block diagram f o r  t he  telemetry r ece ive r  is shown i n  Fig.  4-l*. The progress- 

ive change i n  ga in  and bandwidth between the  input  and the  second IF ampl i f ie r  out- 

p u t s  i s  shown p i c t o r i a l l y  i n  Fig.  4-2. Curves i n  t h i s  f i g u r e  a r e  the (amplitude) 

t r a n s f e r  funct ions between the  rece iver  input  and given poin ts .  Gain i s  seen t o  

increase  accordingly as the  passband i s  reduced i n  width from 40 MHz t o  10 MHz and 

heterodyned from 9.21 GHz t o  115 MHz t o  30 MHz. 

fol low the  second I F  ampl i f i e r s  i n  the normal sum and d i f f e rence  channels as shown 

i n  Fig.  4-1. The f i l t e r  gains  are intended t o  provide a constant  power gain-band- 

width product of 100 MHz. 

as the  o the r s  except t he  second IF i s  60 MHz r a t h e r  than 30 MHz and no bandwidth 

s e l e c t i o n  is  permitted.  

F i l t e r s  wi th  se l ec t ab le  bandwidths 

Po la r i za t ion  de tec t ion  channels are e s s e n t i a l l y  the same 

The maximum allowable input  power is 50 mw (CW); h igher  l e v e l s  may damage the  

tunnel  diode ampl i f ie rs .  Other maxima l i s t e d  f o r  the  TDA's i n  the B r o w n  manual are 

0.1 e r g  spike leakage (1 nanosecond pulse)  

0.2 e r g  sp ike  leakage (25 nanosecond pulse)  

Ext rapola t ion  Of these maximum values ind ica t e s  t h a t  the  CW r e s t r i c t i o n  should a p p l y  

t o  a l l  pulses  of length g r e a t e r  than about 0.1 microseconds. Much before  t h i s  l e v e l  

i s  reached, however, s i g n a l  compression w i l l  occur. The l e v e l  a t  which 1 db 

*Fig. 4-1 is a copy of Fig. 3, p. 2-4, Maintenance and Operation Manual f o r  X- 
h9-d M,... --.. 1,- - - - - I - s - -  n - - - *  __-- ne-.-.. 
-uLIu r r v r r u p u ~ ~ ~  L L ~ L ~ U K  R ~ Z C ~ L V ~ L ,  D L U W l l  Engineering company, inc. ,  June 1965. Other 
information i n  t h i s  s e c t i o n  is from the same source. 
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-4 compression occurs is -38.5 dbm, which i s  about 10 

ampl i f i e r  has a sa tu ra t ion  c h a r a c t e r i s t i c  i n  agreement with the  TDA's .  

m i l l i w a t t s .  The mixer pre- 

The remaining components a r e  protected from excessive s i g n a l  l e v e l s  by AGC 

ac t ion .  I f  AGC f a i l s  t o  develop, however, s a t u r a t i o n  i s  l i k e l y  t o  occur a t  input  

s igna l  l e v e l s  a s  low as -85 dbm (peak power i n  the case of pu lses ) .  This sa tura-  

t i o n  l e v e l ,  which was observed experimental ly ,  appears t o  be caused by the  second 

IF ampl i f ie r  o r  vol tage-control led a t t enua to r .  

AGC vol tage i s  developed by amplitude de tec t ion  of the sum s i g n a l  envelope. The 

detected s i g n a l  passes through a low pass f i l t e r  having a break poin t  a t  approximately 

350 cps.  An imperfect i n t e g r a t o r  follows with a time cons tan t  of 1.83 seconds, 

which corresponds toan  8.7 Hz bandwidth. 

the c i r c u i t  developing AGC vol tage ,  t he re fo re ,  i s  e s s e n t i a l l y  1.83 seconds. The 

e f f e c t  of t h i s  time constant  i n  the o v e r a l l  AGC loop is discussed i n  Sec t ion  V-C.  

Modifications f o r  pulse operat ion a r e  described i n  Sec t ion  V-B. 

The e f f e c t i v e  open loop time cons tan t  of 

AFC vol tage  is developed by amplifying and l i m i t i n g  the sum s i g n a l  and then 

applying i t  t o  a discr iminator  c i r c u i t .  The t i m e  cons tan t  of the  d iscr imina tor  out-  

p u t  i s  about one second, giving a bandwidth of about 0.16 Hz. The AET vol tage  i s  

fed back t o  a p a i r  of va rac to r  diodes i n  the c r y s t a l  o s c i l l a t o r  t h a t  suppl ies  the 

f i r s t  l o c a l  mixing frequency. 

Po la r i za t ion  de tec t ion  and switching i s  accomplished by rout ing  the ho r i zon ta l  

and v e r t i c a l  channel sum s igna l s  through separa te  IF ampl i f i e r s  and AGC demodula- 

t o r s .  The two AGC vol tages  a r e  compared using a d i f f e r e n t i a l  ampl i f i e r  and a 

Schmitt t r i g g e r ,  with the l a rge r  vol tage determining which p o l a r i t y  i s  used. 

d i f f e rence  of a t  l e a s t  3 db i s  required f o r  switching.)  The p o l a r i z a t i o n  AGC time 

constant  i s  t h e  same as t h a t  of the r egu la r  AGC noted e a r l i e r .  See Sec t ion  V-B. f o r  

modif icat ions f o r  pulse  inputs .  

(A 

Antenna servo con t ro l  s i g n a l s  o r i g i n a t e  i n  the  azimuth and e l eva t ion  channel 

e r r o r  de t ec to r s .  The e r r o r  s igna l s  a r e  obtained by comparing the  appropr ia te  sum 

and d i f f e rence  s igna ls  i n  phase de t ec to r s .  

a t  a 60 Hz r a t e  and amplified before leaving t h e  r ece ive r .  The important frequency 

c h a r a c t e r i s t i c  i s  the  bandwidth of the  low-pass f i l t e r  fol lowing the  phase de t ec to r .  

This is roughly computed a t  50 Hz. I n  c o n t r a s t ,  t he  maximum servo  bandwidth i s  

about 5 Hz o r  less .  Modifications f o r  pulse  inpu t s  a r e  descr ibed i n  Sec t ion  V-B. 

These phase d e t e c t o r  outputs  a r e  chopped 

C. RADAR CHARACTERISTICS 

A block diagram of the L-band radar  system is shown i n  F ig .  4-3. Cer ta in  gains  

and bandwidths are  shown i n  t h i s  diagram. 

i s  expected t o  be 40 db. 

The dynamic range the d i f f e rence  channels 
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D. GENERAL INTERFERENCE ANALYSIS 

1. Problem Fundamentals 

Receivers may both produce and be suscep t ib l e  t o  i n t e r f e r i n g  s igna l s .  The u s u a l  

modes of en t ry  (and escape) of i n t e r f e rence  a re :  [ 28 ]  

a.  r ad ia t ion  through j o i n t s  and aper tures  i n  cab ine t s ;  

b. pick up by antenna lead-in cables ;  

c .  conduction along l i n e s  connecting power o r  con t ro l s ;  

d .  normal antenna recept ion ,  including s ide lobes .  

Transmit ters  produce in t e r f e rence  i n  the  same ways but  a r e  much l e s s  suscep t ib l e  t o  

ex te rna l  s igna l s .  

I n t e r f e r i n g  s igna l s  usua l ly  cause no problems unless  they f a l l  wi th in  a r ece ive r ' s  

passband. They need not be i n  any passband a t  the time of en t ry ,  however, t o  pro- 

duce mixing components i n  I F  passbands. 

rece iver  by increas ing  the apparent input  s i g n a l  power, thereby increas ing  AGC vo l t -  

ages and decreasing gain.  

Receivers produce in te r fe rence  a t  t he  frequencies  of t h e i r  l o c a l  o s c i l l a t o r  and 

Thei r  main e f f e c t  i s  t o  d e s e n s i t i z e  the 

mixer outputs ,  including harmonics. Transmit ters  c r e a t e  main in t e r f e rence  a t  the 

fundamental and harmonics of t h e i r  s i g n a l  source.  I n  the  case of a magnetron, s p u r -  

ious outputs  may a l s o  appear a t  unrelated frequencies .  Furthermore, pulsed sources 

spread t h e i r  r ad ia t ion  over a bandwidth which i s  inverse ly  propor t iona l  t o  the pulse  

width.  

Shielding of f i e l d s  a t  f requencies  above about 1 GHz i s  not d i f f i c u l t  with even 

r e l a t i v e l y  poor conductors. Therefore,  i n t e r f e rence  i n  the UHF reg ion  and above is 

unl ikely t o  e n t e r  except through the  antenna and a t  p laces  where sh i e ld ing  con t inu i ty  

i s  v io l a t ed .  A t  lower frequencies ,  i t  is d i f f i c u l t  t o  conta in  magnetic f i e l d s .  Any 

c lose ly  routed coaxia l  l i n e s ,  such a s  antenna lead-ins ,  may become suscep t ib l e  t o  

c ross  in te r fe rence .  

guide cu to f f .  

Entry through the antenna becomes neg l ig ib l e  because of wave- 

Reduction of in te r fe rence  en t ry  i n  t h e  f i r s t  t h ree  modes l i s t e d  can usua l ly  be 

e f f ec t ed  by proper sh i e ld ing  and f i l t e r i n g  techniques.  Entry through t h e  antenna, 

however, i s  d i f f i c u l t  t o  combat except through major redes ign  o r  removal of the 

i n t e r f e r i n g  sources.  General sh i e ld ing  and f i l t e r i n g  techniques a r e  descr ibed i n  

the next s ec t ions .  P a r t i c u l a r  problems of i n t e r f e r e n c e  i n  the  30' confocal  antenna 

conf igura t ion  a r e  discussed i n  Sec t ion  IV-E. 

2.  Shielding Considerations 

Attenuat ion c h a r a c t e r i s t i c s  of s o l i d  metal  materials can be evaluated by determin- 

ing losses  due t o  absorpt ion and r e f l e c t i o n  mechanisms. I n  genera l ,  the  r e s u l t s  

- 54- 



, -  revea l  t h a t  th ick ,  high-conductance mater ia l s  a r e  most e f f e c t i v e  except near sources  

of low frequency cu r ren t s ,  where high-permeabili ty is  more important.  - 
The e f f e c t s  of sh i e ld  d i s c o n t i n u i t i e s ,  such a s  a t  j o i n t s  and poin ts  of cable  

en t ry ,  a r e  probably the most important i n  determining sh ie ld ing  e f f ec t iveness .  

Leakage through these places  forms the main mode of RF en t ry  above VHF. The mechanism 

i s  thought t o  be s l i t  r a d i a t i o n  through gaps caused by the  unevenness of the joined 

ma te r i a l s .  

The only r e l i a b l e  way of combating j o i n t  leakage i s  wi th  the use of RF gasket ing 

ma te r i a l s  [29]. This f i l l s  the gaps with r e s i l i e n t  conducting mater ia l  which can 

p ie rce  cor ros ion  b a r r i e r s .  A similar method i s  t o  use j o i n t  s e a l a n t s  impregnated 

with metal  powders [30] .  

Continui ty  of RF sh i e ld ing  from cable s h i e l d s ,  through connectors,  and onto 

enclosures  must be preserved. This requi res  complete, c i rcumferent ia l  contac t  a t  

connections [31]. 

Cable sh i e ld ing  i n t e r n a l  t o  the  rece iver  or t r ansmi t t e r  is a l s o  important.  The 

usual  bra id ing  w i l l  a c t  a s  a s o l i d  sheath f o r  wavelengths down t o  the order of magni 

tude of the bra id  dimensions; sh ie ld ing  e f f ec t iveness  is  g rea t ly  reduced a t  h igher  

f requencies .  The method of terminating sh ie lds  may determine t h e i r  e f f ec t iveness .  

I n  genera l ,  shielded twisted p a i r s  with s h i e l d s  grounded a t  c lose  i n t e r v a l s  (compared 

t o  the s h o r t e s t  i n t e r f e rence  wavelength) should be used. Signal  ground should occur 

i n  only one place.  It is not  advisable  t o  use e i t h e r  the chass i s  or  the sh i e ld  a s  

one s i d e  of the c i r c u i t  [32].  
-_ m e  sn ie id ing  e f f ec t iveness  of various coaxia i  cab les  has been measured by d i f -  

f e r e n t  methods. I n  genera l ,  a l l  show a decrease i n  e f f ec t iveness  a t  UHF and above. 

For f u r t h e r  information, see references [33] and [ 3 4 ] .  

3.  In te r fe rence  F i l t e r i n g  

The main mode of RFI  en t ry  a t  frequencies below VHF i s  by conduction through 

a t tached  cables .  Therefore,  f i l t e r s  should be considered on a l l  connecting l i n e s  

not meant t o  ca r ry  RF. 

The s i m p l e s t  f i l t e r  is ,  of course,  the  shunt capac i tor .  Lead inductance,  which 

can n u l l i f y  the capaci tance a t  high frequencies ,  is  minimized by use of feed- 

through capac i tors .  

a t t e n u a t i o n  over a wide enough range of f requencies .  

Shunt capac i tor  f i l t e r s ,  however, do not usua l ly  a f ford  enough 

Low-pass Lc f i l t e r s  are e a s i l y  designed, but  usual ly  have undesirable  resonances 

due t o  inductor  winding capaci tance and capac i tor  lead inductance. Shielding i s  a l s o  

a problem a t  VHF and above because the e n t i r e  u n i t  can be bypassed by r ad ia t ion  

coup 1 ing . 
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The use of f e r r i t e  materials r e l i eves  many of the problems of convent ional  LC 

f i l t e r s ;  f e r r i t e s  become lossy  a t  f requencies  where resonances might otherwise 

occur.  The drawback with f e r r i t e  f i l t e r s  is  t h a t  s a t u r a t i o n  e f f e c t s  caused by normal 

cu r ren t s  can grea t ly  degrade RF e f f ec t iveness .  

It i s  recommended t h a t  a l l  RFI f i l t e r s  be s p e c i a l l y  purchased f o r  the  intended 

app l i ca t ion  because of the  complications noted. 

E .  SPECIAL CONSIDERATIONS I N  THE NASA COMBINED SYSTEM 

1. Local Osc i l l a to r  Coupling 

The coupl ing of l o c a l  o s c i l l a t o r  s igna l s  between the two r ece ive r s  i s  a p o s s i b i l i t y  

because i s o l a t i o n  through semiconductor c i r c u i t s  is  genera l ly  poor. Furthermore , high 

order  mixing components of these spurious s igna l s  can appear w i th in  a r ece ive r ' s  pass- 

band. (For instance,  the d i f f e rence  frequency component of mixing the  X-band funda- 

mental and the  L-band seventh harmonic is  l i k e l y  t o  be near  a 30 o r  60 MHz I F . )  The 

L-band loca l  o s c i l l a t o r  fundamental w i l l  be beyond the X-band waveguide c u t o f f ,  but  

i t s  harmonics might be passed. These loca l  o s c i l l a t o r  e f f e c t s  should be inves t iga ted  

by a c t u a l  t e s t .  

Local o s c i l l a t o r  coupling produces a CW i n t e r f e rence  which i s  q u i t e  constant  i n  

frequency and amplitude. The l eve l  of t h i s  i n t e r f e rence  i s  expected t o  be near  the 

r e c e i v e r ' s  thermal no i se  l e v e l .  Therefore,  i t  can be expected t o  have l i t t l e  e f f e c t  

when the input  s igna l  i s  l a rge  enough t o  develop s u f f i c i e n t  AGC vol tage .  When the  

in t e r f e rence  i s  not r e l a t i v e l y  s m a l l ,  i t s  e f f e c t  w i l l  depend on whether t h e  r ece ive r  

i s  opera t ing  i n  t h e  pulse  mode o r  CW mode. 

I n  the pulse  mode, cons tan t  amplitude CW i n t e r f e rence  i s  f i l t e r e d  ou t  of the AGC 

c i r c u i t ;  the  modif icat ion card cannot pass the  DC envelope and a t t enua te s  the  15 o r  

30 MHz r ipp le .  S imi la r ly ,  t he  e r r o r  de t ec to r  modif icat ion cards  block any cons tan t  

phase d i f f e rence .  The unwanted s i g n a l  w i l l  appear ,  however, i n  the radar  o r  te lemetry 

outputs  but  should not  cause mis in t e rp re t a t ions .  

I n  the CW mode, l a rge  i n t e r f e r i n g  s i g n a l s  w i l l  cause d e s e n s i t i z i n g  of t he  r ece ive r  

by increas ing  the AGC vol tage ,  Furthermore, f a l s e  antenna pos i t i on ing  w i l l  be caused 

by the spurious phase de t ec to r  output .  The d i r e c t  e f f e c t  on the  output  da t a  depends 

on t h e  type of encoding and processing involved. 

2 .  Telemetry In te r fe rence  by the  Radar Transmi t te r  

The t ransmit ted L-band s i g n a l  can present  the same problem as the  l o c a l  o s c i l l a -  

t o r  s igna l ,  bu t  it  would a l s o  be beyond the X-band waveguide c u t o f f .  Of much g r e a t e r  

danger i s  coupling of radar  X-band s p l a t t e r  o r  harmonics i n t o  the  te lemetry r ece ive r .  

This e f f e c t  cannot be a n a l y t i c a l l y  determined because of the  i n a b i l i t y  t o  p r e d i c t  

the  f i e l d  d i s t r i b u t i o n  a t  t h e  L-band horns of the  spur ious  s i g n a l ,  A rough es t imate  
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of -45 db coupling can be obtained by assuming t h a t  the spurious s i g n a l  uniformly 

i l lumina tes  the  main r e f l e c t o r  with no s p i l l o v e r .  (This l e v e l  i s  about the  same a s  

expected f o r  cross-coupling between two adjacent  horns without  a r e f l e c t i n g  s t r u c t u r e . )  

I n  the worst  case ,  t h i s  f i gu re  might be increased by 20 o r  30 db. 

Another f a i l i n g  of an  a n a l y t i c  determination i s  the i n a b i l i t y  t o  p r e d i c t  the 

spur iour  emission power l eve l ;  magnetrons y i e ld  notor ious ly  unpredictable  output  

s p l a t t e r .  Even a c t u a l  measurements vary between d i f f e r e n t  i n s t a l l a t i o n s  of the  same 

equipment, and between t e s t s  a t  a s ing le  i n s t a l l a t i o n  with s l i g h t l y  d i f f e r e n t  tuning 

o r  environment. Reports i n  the  l i t e r a t u r e ,  never the less ,  give some ind ica t ion  of 

what i s  t o  be expected. For example, an AN/FPS-8 (L-band) radar  operated with a 3 

microsecond pulse  width has  been measured t o  have a seventh harmonic 88 db below the 

fundamental [35].  The seventh harmonic of another  L-band radar  has been reported t o  

be about 80 db down, measured a t  a fixed poin t  i n  the Fresne l  zone [36] .  

A tes t  on the NASA L-band radar  t ransmi t te r  w a s  conducted by RTI  personnel i n  

August, 1965, t o  estimate X-band s p l a t t e r . *  

ence t o  Fig.  4-4. F i r s t ,  the  spurious X-band emission of the radar  w a s  recorded on 

the  spectrum analyzer .  (A standard gain L-band horn was used f o r  the  radar  bu t ,  of 

course ,  w a s  not  c a l i b r a t e d  a t  X-band). 

was se t  a t  9.1 GHz and connected t o  a s tandard gain X-band horn through a coaz/wave- 

guide adapter  and beamed toward the  receiving horn of the spectrum analyzer .  

a d j u s t i n g  the SHF generator  t o  give a spectrum analyzer  i nd ica t ion  equal  i n  amplitude 

to  the  previously recorded radar  s igna l ,  the  genera tor ' s  output  l e v e l  w a s  recorded 

The method used is explained with r e fe r -  

Secondly, a n  Hp620A SHF s i g n a l  generator  

Af t e r  

from pe d i a l  t>,is served to ca:;brate t>'e aiG:yzei system Li, of so.uice 

power a t  the radar  loca t ion .  Assuming zero  gain f o r  the L-band horn operat ing a t  

X-band and neglect ing radar  waveguide lo s ses  allows the spurious s i g n a l  output l e v e l  

t o  be estimated. This can be compared t o  the t o t a l  output  power measured a t  the  out- 

p u t  d i r e c t i o n a l  coupler  of the radar .  

The r e s u l t s  of the  test  were t h a t  a general ,  wideband sp la t te r  ex is ted  which was  

The seventh harmonic var ied  about 100 db below the  t o t a l  average t r ansmi t t e r  p a r e r .  

between t h i s  background l e v e l  and about 80 db below the t o t a l  average power; i t s  

l e v e l  depended on the tuning of the magnetron. 

spectral  " l ine"  w a s  about 1 MHz. Table 4-1 summarizes the measurements of the back- 

ground sp l a t t e r  taken when the  fundamental frequency was set  a t  1.315 GHz. 

seventh harmonic was  not  prominent for  t h i s  frequency.) Note t h a t  the in t e r f e rence  

appeared i n  c l u s t e r s .  

The width of the seventh harmonic 

(The 

* Also reported i n ,  "Mid-Study Technical Progress  Report," R T I  Report No. TRR-20, 
P - - - - - - &  X T A - 1  C A L C  
CIUI ICLUCL lwaI-JVu2. 

-57- 



L 

F 1 
II 

u 
W 

\n cv 
4 I* n 

* I 

ti0 
Ll 

W 

c 
0 
.I+ 
m 
m 
.rl 

E, 

rcc 
0 
U 
m 
Q) 
U 

Ll 
0 

W 

4J 

E 
E, 
bo 
c a 
Ll 
& a 

-? 

bo 
*I+ 
E 

-58- 



Table 4-1. Measurements of the L-band Spurious Emission 
Spectrum around 9.2 GHz w i t h  the  Transmit ter  Tuned t o  1.315 GHz.  

Approx. Center 
Frequency of Clus te r  

( GHz ) 

1 Approx. Spread Level of Peak 

I of Clus te r  Below Transmitter 
0 Fundamental (db) 

9.2 
9.0 

I 8.9 
, 8.82 

8.62 
8.60 
8.5 

t 9.6 
7.8 
7.85 
8.2 

i 
1 

- - ___. *- - -I.--_- -- - -- -- - ,_-..-_ ~ __----i , - . - - - - 
3.7 98 
3.0 103 
3.0 98 
2.0 98 
3.0 103 
3.0 98 
4.0 84 (apparent 1 y 

due to  o the r  
i n t e r f e rence )  

20.0 98 
4.0 93 
4 .0  93 
4.0 93 

. -  - _ -  _.--.. --. .-.---A - _  _-. . ~ 
-- - -_ 

The above measurements and est imates  can ind ica t e  the magnitude of t h i s  i n t e r f e r -  

ence problem. Assuming the radar  to be operated a t  2 Mu pulse  power, the  seventh 

harmonic 80 db below, and 45 db i s o l a t i o n  between systems y i e l d s  an  in t e r f e rence  

s i g n a l  l eve l  i n t o  the  te lemetry of -32 dbm. This is 6 db above the  s a t u r a t i o n  l e v e l  

of t he  tunnel  diode ampl i f i e r s  bu t  about 50 db below the damage l e v e l .  

doubt fu l  t h a t  t h i s  es t imate  could be more than 30 db i n  e r r o r ,  the p o s s i b i l i t y  of 

damage r e m ~ t e .  

Since it  is 

Pulsed in t e r f e rence  below the damage l e v e l  w i l l  de sens i t i ze  the radar  rece iver  

by increas ing  the  AGC vol tage.  

p u l s e  width and r e p e t i t i o n  r a t e  as well a s  the amplitude r e l a t i v e  t o  the  te lemetry 

s igna l .  Theore t ica l  values  a r e  p lo t ted  i n  Fig.  4-5 f o r  a 2 microsecond p u l s e  width 

and r e p e t i t i o n  rates of 350 and 650 p u l s e s  per second. For cases where the  t e l e m e t r y  

s i g n a l  has not y e t  been acquired,  the absc issa  may be in t e rp re t ed  as the in t e r f e rence  

l e v e l  r e l a t i v e  t o  the r ece ive r  threshold,  which i s  approximately -93 dbm ( p u l s e  

power). The non l inea r i ty  of the  e f f e c t  requi res  por t ions  of the  curves t o  be cor rec ted  

(shown dashed) f o r  the  absence of the te lemetry s igna l .  

i n t e r f e rence  es t imate  would be 61 db above threshold.  This  value would s a t u r a t e  the  

AGC c i r c u i t  and make a c q u i s i t i o n  impossible. Addition s f  a 50 db f i l t e r  would lower 

the l e v e l  t o  11 db, which would s t i l l  cause a s e n s i t i v i t y  l o s s  of between 7 and 12 

db, as ind ica ted  on Fig .  4-5. 

The amount of s e n s i t i v i t y  l o s s  depends on the  radar  

Notice t h a t  the -32 dbm 

The po la r i za t ion  switching c i r c u i t r y  is very s i m i l a r  t o  the normal AGC c i r c u i t s .  

Therefore,  Fig. 4-5 descrlhes t h e  interference effect ~n these circciite,  alsc. 
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The e f f e c t  of pulsed in t e r f e rence  on the  r ece ive r  e r r o r  d e t e c t o r s  depends on a 

number of s p e c i a l  f a c t o r s  no t  considered f o r  the  AGC. I n  p a r t i c u l a r ,  the  magnitude 

of the  i n t e r f e r i n g  signal i n  the  d i f f e rence  channels is dependent upon the r e l a t i v e  

phase and magnitude of the in te r fe rence  coupling i n t o  the  two r ece iv ing  horns of each 

p a i r .  I f  the coupling i s  exac t ly  the same i n t o  both,  (which is u n l i k e l y ) ,  no i n t e r -  

ference w i l l  appear i n  these channels. 

r e s u l t .  Even i f  i n t e r f e rence  does appear i n  a d i f f e r e n c e  channel,  i t  is poss ib l e  

Consequently, no spurious e r r o r  s i g n a l  w i l l  

t h a t  no e r r o r  w i l l  r e s u l t  because of r e l a t i v e  phasing. 

which a r e  a b l e  t o  produce phase de tec tor  outputs  w i l l  cause a much smaller s i g n a l  

than i n  the  AGC c i r c u i t  because of time-constant r e l a t i o n s h i p s .  I n  s p i t e  of these 

favorable circumstances, nevertheless ,  a s e r i o u s  problem might s t i l l  e x i s t  i n  the  

automatic t r ack ing  mode. 

n e g l i g i b l e  compared t o  the t r u e  phase-error vol tage,  which is meant t o  be kept small. 

Since the o v e r a l l  e f f e c t  can e a s i l y  range from zero t o  t h e  c a s t a s t r o p i c ,  there  is 

no value i n  placing an estimate. Recommendations w i l l  be covered i n  Sect ion I V  G. 

Moreover, i n t e r f e r i n g  s i g n a l s  

The reason is than any spurious signal would not  l i k e l y  be  

Operation i n  the  manual t r ack ing  mode w i l l  probably not  be a f f ec t ed  by spurious 

phase e r r o r s ;  they produce a constant  o f f s e t  which can be "read-through" by the 

operator .  The same i s  t r u e  i n  manual acquis i t ion .  Loss i n  d e s e n s i t i v i t y  caused by 

the e f f e c t  on AGC vol tage remains, however. 

F. RFHAZARDS 

1. Personnel 

The main e f f e c t  of microwave energy on l i v i n g  t i s s u e  i s  thermal i n  nature .  The 

degree of hazard, therefore ,  depends on the  combination of the  length of time i n  the 

f i e l d  and average power dens i ty  i n  that  loca t ion .  A s  a consequence, a scanning beam 

i s  much less dangerous than a f ixed one. Also, personnel passing through a r a d i a t i o n  

a r e a  a r e  i n  less danger than those s ta t ioned  i n  the  a rea .  

C e r t a i n  port ions of the  human body a r e  more suscep t ib l e  t o  r a d i a t i o n  damage than 

o t h e r s .  

i s  a t  the borderl ine between deep penetrat ion hea t ing  and sur face  heating. 

The e f f e c t  a l s o  depends on the r a d i a t i o n  frequency band; L-band r a d i a t i o n  

To s implify inves t iga t ions  of hazardous condi t ions,  a s a f e t y  c r i t e r i o n  has been 
2 adopted. 

f o r c e s  and po r t ions  of inductry.  

n o t  allow personnel t o  remain i n  a reas  of 1 mw/cm2 f o r  more than an hour [26]. 

This c r i t e r i o n  of maximum safe  value was set a t  10 mw/cm by the armed 

I n  addi t ion ,  more convervative organizat ions do 

A minimum s a f e  d i s t ance  for-personnel  from the NASA L-band radar  can be estimated 

according t o  the above c r i t e r i o n .  

i l l umina t ion  taper ,  the  power d e n s i t i e s  can be computed d i r e c t l y  [27]. A t  the point  

i n  t h e  f a r  f i e l d  where 

By assuming a c i r c u l a r  ape r tu re  with parabolid 

R = 2D2/X, the power dens i ty  on the beam a x i s  is 

-61- 



w = -  3nP 
2 

64D 

where R i s  the  d i s t ance  from the  ape r tu re ,  D i s  the  ape r tu re  diameter,  A i s  the  wave- 

length,  and P i s  the  t r a n s m i t t e r  power. Assuming a two microsecond pulse  width a t  

650 p p s ,  the  average power dens i ty  a t  t h e  point  i s  

I 

This value can then be 

i n  Fig.  4-6 (from r e f .  

be 

w =  3n I 2 x lo6)  (2 x 650 
n 

-4 2 = 4.58 x 10 w a t t s / c m  

used t o  e n t e r  the  graph of computed near  f i e l d  d e n s i t i e s  shown 

27, p. 38).  The maximum value of power d e n s i t y  is found t o  

= (4 .58 x I O - ~ I I ~ ~ I  = 19.2 mw/cm 2 
'ma, 

I t  occurs a t  a dis tance 

Rm = 0 .1  = 238 f e e t  
x 

i n  f r o n t  of the  antenna ( a t  1 . 3  GHz). Ground plane r e f l e c t i o n s  could e a s i l y  inc rease  

the  a c t u a l  power dens i ty  p a s t  t h i s  l eve l .  

50 

40 

30 

20 

10 

0 
0.61 0.02 0.04 b.06 6.10 0.2 0.5 1 .0  

I 

R x= - 
2D2/X 

F ig .  4-6. Power dens i ty  on the beam axis  of a tapered c i r c u l a r  a p e r t u r e ,  
normalized t o  i t s  value a t  R = 2D2/h, versus  normalized d i s -  
tance,  x = R/(2D2/X). 
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2 A conservat ive es t imate  of minimum s a f e  d i s t ance  would be hwere W - 2.5 mw/cm 

because r e f l e c t i o n s  can possibly cause an increase  by a f a c t o r  of four .  F ig .  4-6 

shows t h i s  t o  occur a t  about R1 = O . ~ ( ~ D ~ / A ) ,  o r  952 f e e t .  This  might be rounded t o  

1,000 f e e t .  

Recal l  t h a t  F ig .  4-6 represents  the power dens i ty  a t  po in t s  on the  beam a x i s .  

Since the  f a r - f i e l d  c h a r a c t e r i s t i c s  a r e  not  f u l l y  developed a t  the d is tance  being 

considered, a reasonable approximation is  t o  assume t h a t  t h e  power is  r e s t r i c t e d  t o  

a c y l i n d r i c a l  beam with the antenna as  a base. Therefore,  even is  a person is 

wi th in  the  1,000 f e e t ,  he i s  i n  no danger unless  he is high enough t o  come wi th in  

the power cy l inder .  Accordingly, the preceding r e s u l t s  should be in t e rp re t ed  t o  

mean t h a t  persons should not  be allowed i n  areas wi th in  1,000 f e e t  a t  which the 

beam can be d i r ec t ed .  

I f  a w i r e  fence is  t o  be used t o  keep people ou t  of an  area, i t s  sh ie ld ing  

e f f ec t iveness  might be considered. A nomograph ( r e f .  26) shows that a fence with 

the dimensions of a n  ordinary chain- l ink fence can reduce the power dens i ty  by over 

15 db (a f a c t o r  of 32). (For t h i s  t o  be v a l i d ,  one set  of w i r e s  must be p a r a l l e l  t o  

the  inc iden t  E- f ie ld .  

a l s o . )  Such a fence would provide adequate p ro tec t ion  anywhere i n  i t s  shadow. 

A he ight  of about 5 X  above a person ' s  head would seem required 

There is evidence t h a t  some e f f e c t s  of RF r a d i a t i o n  might no t  be completely 

thermal,  but l i t t l e  d a t a  is  ava i l ab le .  I f  t h i s  were the  case, then peak pulse  power 

would need t o  be considered r a t h e r  than average power. J u s t  as a precaut ion,  per- 

sonnel  should be warned not t o  look in to  the  t ransmi t t ing  antenna f o r  per iods of more 

than a few minutes from any d is tance .  

2. Ordnance 

The hea t ing  e f f e c t  o f  microwave r ad ia t ion  on bulk explosive ma te r i a l  has very l o w  

p robab i l i t y  of being hazardous. Instead,  f a l s e  i g n i t i o n  through normal f i r i n g  c i r -  

c u i t r y  is the  danger. 

Most weapon systems employ electro-explosive-devices (EED's) t o  perform con t ro l  

func t ions  o r  a c t u a l l y  i g n i t e  the  explosive.  These devices  are usua l ly  constructed 

wi th  leads i n t o  a small r e s i s t ance  w i r e  which is i n  contac t  with t h e  charge. When 

a c u r r e n t  of s u f f i c i e n t  magnitude passes through the  wire ,  i g n i t i o n  takes  place.  

Accordingly, r a d i a t i o n  induced cur ren ts  can e f f e c t  i g n i t i o n  as e a s i l y  as the normal 

f i r i n g  s igna l .  

P re - ign i t ion  of an  EED w i l l  most of ten  cause a "dudding" of the system r a t h e r  

than an explosion. 

m u s t  be ac t iva t ed  i n  a c e r t a i n  order ;  it is extremely unl ike ly  t h a t  s t r a y  r ad ia t ion  

could cause the  f i r i n g  sequence t o  be followed. 

This is because most systems conta in  a number of EED's which 
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The degree of s u s c e p t a b i l i t y  of a weapon system t o  s t r a y  r a d i a t i o n  depends on 

the  system configurat ion along with the f i e l d  i n t e n s i t y .  For ins tance ,  i f  a l l  c i r -  

c u i t r y  i s  completely enclosed i n  a metal  case ,  the poss ib le  e f f e c t  becomes very small  

because of sh ie ld ing .  I f  c e r t a i n  ex te rna l  cab les  a r e  used, however, such a s  umbili- 

c a l  cords o r  l i nes  t o  t e s t  s tands ,  the danger g rea t ly  increases .  To es t imate  the 

s u s c e p t i b i l i t y  in  a worst  case  s i t u a t i o n ,  i t  can be assumed t h a t  the EED is a termi- 

na t ion  f o r  a whip antenna with parameters ad jus ted  t o  maximize power t r a n s f e r  from 

the  f i e l d .  For a t y p i c a l  EED, the  expression obtained f o r  maximum s a f e  power dens i ty  

is [ 3 7 ]  

w = -  2 L; watts/cm 

where 1 is  the wavelength i n  cent imeters .  Therefore,  a t  1 . 3  GHz,  the  danger l e v e l  
2 i n  the worst  case condi t ion  is 149 mw/cm . Since t h i s  value is an  order  of magnitude 

higher  than the expected maximum power dens i ty  a t  the NASA antenna, no danger t o  

ordnance i s  an t i c ipa t ed .  

3 .  Fuels and Other Explosive Mater ia l s  

The only r e a l  danger t o  explosive substances i s  i g n i t i o n  by spark discharge 

caused by a buildup of p o t e n t i a l  between two bodies due t o  the r a d i a t i o n  f i e l d .  

usefu l  danger c r i t e r i o n  f o r  t h i s  case i s  the 5 watts/cm2 maximum allowed i n  the v i c in -  

i t y  of v o l a t i l e  f u e l s  [ 3 7 ] .  

A 

The NASA t r ansmi t t e r  c l e a r l y  poses no danger here .  

Explosives used i n  cons t ruc t ion  work o f t en  r equ i r e  long l i n e s  t o  the  de tona tors .  

An est imate  of s u s c e p t i b i l i t y  to RF rad ia t ion  i s  d i f f i c u l t  because of t he  many va r i a -  

b l e s .  The simplest  s a fe ty  assurance would be t o  a l low no b l a s t i n g  i n  the a rea  during 

times of transmission. 

G. CONCLUSIONS AND RECOMMENDATIONS 

I n  the intended pulse opera t ion ,  the only se r ious  in t e r f e rence  problem i s  expected 

t o  be coupling of the radar  t r ansmi t t e r  i n t o  the te lemetry r ece ive r .  This i n t e r f e r -  

ence w i l l  l i k e l y  make r ece ive r  operat ion impossible unless  a f i l t e r  i s  employed a t  

the radar  output.  Even with a 50 db f i l t e r ,  the  r ece ive r  w i l l  probably be desensi-  

t i zed  by about 8 t o  12 db. If t h i s  p red ic t ion  is  t r u e ,  i t  i s  recommended t h a t  the 

radar  be tuned t o  a frequency which causes minimum in t e r f e rence .  

s u f f i c i e n t ,  the  three  telemetry rece iver  channels can be blanked during the t rans-  

m i t t e r  pulse i n  order  t o  prevent over dr iv ing .  

be attempted a s  a l a s t  r e s o r t .  

t o r s  f o r  automatic t racking.  Normal s igna l  amplitude f l u c t u a t i o n s  w i l l  probably cause 

no t rouble  because of the low-pass c h a r a c t e r i s t i c  of the  Servo sys t em.  

the i n t e r f e r i n g  s i g n a l  w i l l  develop only a small phase e r r o r  vo l tage .  

I f  t h i s  i s  no t  

Switching t o  manual ga in  c o n t r o l  might 

This w i l l  al low the  s i g n a l  t o  reach the e r r o r  detec-  

Hopefully,  
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No personnel should be allowed i n  a reas  on which the  beam can be d i r ec t ed  wi th in  

500 f e e t  of t he  antenna. Personnel may be permit ted t o  pass through such a reas  a t  

g rea t e r  d i s t ances .  S ta t ionary  personnel wi th in  1,000 f e e t  of the  antenna should be 

shielded i f  the  antenna can be beamed on them; a r a t h e r  simple mesh fence w i l l  suf- 

f ice ."  

if they a r e  wi th in  the  main beam a t  any d i s t ance ;  t h i s  is  an  added s a f e t y  precaut ion,  

however, and it is unl ike ly  t h a t  injury w i l l  be caused by f a i l u r e  t o  comply. 

A l l  persons should be ins t ruc ted  not  t o  look toward the t r ansmi t t i ng  antenna 

No danger t o  f u e l s  and explosives  i n  the  area is posed wi th  the  except ion of 

b l a s t i n g  being conducted. 

of radar  transmigsion. 

Such b l a s t ing  operat ions should be ceased during per iods 

See nomograph, r e f .  26. * 
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V. MISCELLANEOUS STUDIES 

A. RECEIVER MDDIFICATIONS FOR PULSE OPERATION 

The actual processing of signals by the telemetry receiver is theoretically the 
(1) the receiver's bandwidth is same for pulse and continuous wave (CW) inputs if: 

sufficiently wide; and (2) its dynamic range is not exceeded. The question of suffi- 

cient bandwidth is answered by noting that 2 MHz bandwidth will only slightly distort 
a one microsecond square pulse; the more rounded pulses actually received should 

be passed with negligible distortion by this bandwidth. 

widths of 100 kHz and 500 kHz should cause only minor loss of signal power for the 

mentioned pulse width. 

In fact, the narrower band- 

The maximum signal power into the tunnel diode amplifiers (TDA) for which less * 
than one db compression occurs in -38.5 dbm. This is somewhat greater than the 
-50 dbm (peak power) maximum predicted in the scheduled application. 
components up to the first I.F. amplifiers have fixed gain and saturation charac- 

teristics which are compatible with the RDA's, no special consideration need be 

given them. 
vent saturation. Unfortunately, the nonlinear operation required to develop AGC 
voltage is less effective for pulses than for CW. 
development of AFC and phase error voltages. 
receiver must be modified to yield greater gain for pulse inputs. 

Since all 

The remaining circuitry (console modules) must depend on AGC to pre- 

The same can be said for the 
Therefore, these portions of the CW 

AGC voltages must be developed in the console AGC demodulator, module A1300, 
nna ;- t.... ..I.,-..- 4.. th- ..Ainr;nst;nn er..itrhinn antnl.tnr --.ani ~ h n n  all =f 

these cases, the required voltage is intended to be derived by detecting the en- 
velope of the CW signal. For pulse inputs, though, the DC outputs of the detec- 
tors are insufficient to develop AGC voltage before saturation of the first and 

second 1.F. amplifiers occurs. 

tor time constants very large, but this change would greatly degrade the response 
times of the circuits. The solution chose was to further amplify the pulse signal 

before detect ion. 

l.... &.I C W V  pLUCCO &.I Ll'G yV*'LL"..*"-' Y""C..*'.~ - b . . b w - " L ,  --_* L.7"" .  

The problem can be alleviated by making the detec- 

The problem in developing AFC voltage is essentially the same as above. How- 

ever, in this case it is difficult to perform the necessary tasks without changing 
the frequency discridriator characteristics. 
unless narrow bandwidths are used and the tracking path is to be nearly overhead; 
otherwise doppler rates usually can be handled manually. 

decided not to modify this portion of the receiver. 

Also, there is little need for AFC 

Consequently, it was 

* 
Brown Engineering Maintenance and Operation Manual, June 1965, article 2.2.2.  
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The problem of obta in ing  s u f f i c i e n t  phase e r r o r  vo l tages  r equ i r e s  the  ampl i f ica-  

t i o n  of a pos i t i ve  o r  nega t ive  DC vol tage  which has been e f f e c t i v e l y  chopped i n  ac-  

cordance with the pulse  c h a r a c t e r i s t i c .  

s i g n a l  had t o  be designed t o  y i e l d  outputs  of e i t h e r  po la r i ty .  

A s  a r e s u l t  the subsequent d e t e c t i o n  of t h i s  

The modifications t o  the  radar  r ece ive r  are the  same as descr ibed f o r  the  

telemetry rece iver  with the following exceptions: 

1. 

2. 

No p o l a r i z a t i o n  switching de tec to r s  a r e  required.  

The c i r c u i t  cards  have been modified t o  give longer pulse  i n t e g r a t i o n  

times. 

with a 0.2 pf t o  double the t i m e  constant .  

f e c t  on the o v e r a l l  AGC c i r c u i t .  The i n t e g r a t i n g  capac i tors  on the 

e r ro r  de t ec to r  cards  have been increased from 0.1 pf t o  30 pf .  

i s  required because of the lower s i g n a l  amplitude expected and the 

lower p r f .  The r e s u l t  is  t h a t  30 t o  50 pulse  per iods  a r e  required 

fo r  the output  t o  reach s t eady- s t a t e ;  t h i s  i s  i n  c o n t r a s t  t o  approxi- 

mately four  f o r  the te lemetry card.  

The AGC demodulator c i r c u i t  has a 0.1 pf capac i tor  replaced 

This w i l l  have small e f -  

This 

Complete c i r c u i t  diagrams and t e s t  procedures a r e  given i n  Appendix G. 

B. MEASURED TELEMETRY RECEIVER SENSITIVITY 

The s e n s i t i v i t y  and l i n e a r i t y  of the modified telemetry r ece ive r  were measured 

by reading AGC vol tages  a t  d i f f e r e n t  input  s i g n a l  l eve l s .  Actual readings a r e  

l i s t e d  i n  Table 5-1 and p l o t t e d  i n  Fig. 5-1. 

The AGC vol tage has an apparent threshold a t  -97 dbm, as shown i n  Fig. 5-1. 

The s igna l  l e v e l  a t  which p red ic t ab le  automatic t racking  can take p lace ,  however, 

must occur f a r  enough above the AGC vol tage  threshold to  y i e ld  cons tan t  amplitude 

s i g n a l s  f o r  the  e r r o r  de t ec to r s .  The s i g n a l  l e v e l  a t  which t h i s  occurs i s  e f f ec -  

t i v e l y  the rece iver  threshold.  A r e a l i s t i c  AGC vo l t age  l e v e l  f o r  t h i s  threshold 

c r i t e r i o n  i s  0.7 v o l t s .  Thus, the r ece ive r  threshold is a t  -86 dbm peak pulse  s i g -  

na l  power, o r  -113 dbm average s i g n a l  power ( a t  1800 pps - lpsec pulsewidth).  

The l i n e a r i t y  of AGC vol tage  with input  s i g n a l  power can be determined from 

Fig. 5-1. The slope of the  curve gives  a closed loop t r a n s f e r  cons tan t  of 0.083 

v/db, which i s  near t o  the  t h e o r e t i c a l  cw t r a n s f e r  cons tan t  of 0.073 v/db. 

C. THE EFFECT OF AGC DELAY ON X-BAND RECEIVER TRACKING PERFORMANCE 

The AGC s igna l  i n  the Langley monopulse r ece ive r  i s  developed and u t i l i z e d  as 

shown i n  Fig. 5-2. Since the  i n t e r e s t  i s  i n  the au to - t r ack  mode, assume t h a t  the in -  

put  s igna l  has a l ready been acquired and t h a t  AGC i s  i n  opera t ion  as depicted i n  the 

f igu re .  Under t h i s  condi t ion,  the antenna servo has  l i t t l e  e f f e c t  on the  sum s i g n a l  

because the s igna l  source must be nea r ly  on the bores ight .  
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Table 5-1. Data taken to determine the sensitivity of 
the modified telemetry receiver. 

Input Signal Level (dbm) AGC Voltage 

0 

-99 

-9 3 

-95 

-93 

-9 1 

-79 

-69 

-59 

-49 

0 

0 

0 

.I 

.2  

.38 

.52 

1.1 

2.98 

3.64 

- 90 - 80 -70 - 60 
Input Signal Pulse Power - dbm 

- -100 -50 

F i g .  5-1. Telemetry receiver sensitivity in pulee operation (1 psec - 1800 pps). 
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The response to by analyzed i s  t h a t  caused by the input  s i g n a l  changing amplitude 

suddenly while remaining i n  the AGC operat ion range. Since the servo e r r o r  vo l tage  

i s  propor t iona l  t o  the  magnitude of the d i f f e rence  vol tage ,  t h i s  sudden change w i l l  

d e l i v e r  a f a l s e  e r ro r  s i g n a l  u n t i l  the  AGC can respond. Therefore,  a se r ious  condi- 

t i o n  w i l l  e x i s t  i f  the  AGC response i s  not considerably f a s t e r  than the servo r e -  

sponse. A s  a f i r s t  s t e p  i n  ana lys i s ,  then, consider  t he  c h a r a c t e r i s t i c s  of the AGC 

loop. Since AGC vol tage i s  der ived from the envelope of the RF s i g n a l ,  i t  i s  pro- 

po r t iona l  t o  the  average power i n  the s igna l .  Therefore,  the open loop t r a n s f e r  

func t ion  of the AGC module w i l l  have dimensions of vo l t s /wa t t .  However, i t  i s  more 

convenient t o  use vo l t s /db ,  which merely represents  a change of s c a l e  (over the 

amount of va r i a t iou  Deing considered here).  

The response t i m e  of the AGC demodulator i s  f a r  longer than any o the r  element 

i n  the loop. This permits  the  delay i n  a l l  o the r  components t o  be neglected.  The 

r e s u l t  i s  the equivalent block diagram of Fig. 5-3. 

I n  re ference  to  Fig. 5-3,  the AGC loop t r a n s f e r  func t ion  f o r  t r a n s i e n t  inputs  

is : 

7, K - - a 

s + l  1 + AKa T 
T(s )  = T S  + 1 + AKa 

1 + AKa 

- Ka 1 Ka - 
1 + AKa T s + l  

T(s )  = T S  + 1 + AKa 

1 + AKa 

The loop time constant i s  then 

T 7 '  = 
1 + AKa 

(5-1) 

(5-2) 

Nominal values  for the cons tan ts  involved, as found i n  the t racking  r ece ive r  opera- 

t i o n  manual, a r e  

4 v o l t s  = 
Ka 0.5 db and 54 db 

4 v o l t s  A =  (5-3)  

Therefore,  

where TI is the  AGC loop time cons tan t  and T is the  AGC module time cons tan t .  

The AGC loop t i m e  constant  can be compared wi th  the  minimum time f o r  the  servo 

This servo "time system to  reach 63% of i t s  s tady  s t a t e  value af ter  a s t e p  input.  

constant" ,  T ~ ,  is found t o  be 0.13 sec from Fig. 19b of the  Cimtrol servo d a t a  book. 
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AGC Demodulator 
!Mixer and I. F. Amp. I 

I + Input 

I 

i Conitant b-+ I j 1 db Gain I 
1 4 I 

Fig. 5-3. Equivalent block diagram of the AGC loop. 

The present AGC module time constant is found from the tracking receiver circuit 

diagram as: 

7 = (39OK.Q) (4.7pf) = 1.83 sec 

and this gives a time constant ratio of 

servo time constant , T 

= (0.13) - log = 7.75 AGC loop time constant, T '  1.83 

This ratio should not be reduced below about 6.5, or T~~ = 2.18 sec, if the servo 
response is to be kept below 10% during AGC delay. 

7.75, as presently used, a sudden change in signal level can produce a servo re- 
sponse proportional to 5% of the change during a time equal to the AGC time constant. 
This change may be considered negligible. 

module is designed so that the AGC module time constant and gain are effectively the 
same as in the CW case. 

With a time constant ratio of 

The pulse stretching circuit in the AGC 

D. THE FEASIBILITY OF PROVIDING GREATER ANGULAR COVERAGE WITH 
ADDITIONAL FEED HORNS 

1. Introduction 
LRC personnel have suggested that additional horns be placed around the X-band 

monopulse feed system as shown in Fig. 5-4 in order to enhance the acquisition cap- 

abilities of the telemetry tracker. The purpose of this arrangement is to produce 
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Azimut-- Offset 
Horn A2 

~~ 

/ Horn El 
I 

Azimuth 
Horn 

Offs 
A1 

t 

' Elevation Offset 
Horn E2 

Fig. 5-4.  Horn arrangement to produce offset beams about the mono- 
pulse Z channel. 

a greater angular coverage for telemetry-signal acquisition, as shown in Fig. 5-5. 
The fact that the signal acquisition is to occur on a beacon signal means that the 

antenna gain for the auxiliary beams is not particularly critical (i.e., high 
aperture efficiency need not be achieved). Nor would high sidelobes be particularly 
o b j e c t i ~ ~ ~ b l c  f ~ r  ~ ~ E S E  be-. C ~ ~ s e q i i ~ n t I y ,  the pii-Giy qiiestion to be answered 

at this time is whether the technique shown in Fig. 1 will produce worthwhile results, 

without placing stringent specifications on these results. As a guideline, it 
appears reasonable to expect that the gains of the auxiliary lobes would be within 
6 db of that for the z beam, and that the mainbeam shape would be close to that of 
the Z beam. 

2. Feasibility Evaluation 

Theoretical studies of the beam-steerage capabilities for parabolic dishes fed 
by point sources indicate that steerage of 5-6 beamwidths if possible with little 

degradation of beam shape and gain (e.g., sidelobe levels can be maintained below 
20 db and gain reduction less than 1 db). 

be achieved by feed-reflector combinations with the feed located in front of the 
dish and with f/D ratios in the range of 0.3-0.5. 
systems is less clear because of the approximations and assumptions inherent in 
folding the feed-reflector path about the sub-reflector. 

Practically, this theoretical results can 

The capabilities of Cassegrain 
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Monopulse Z Channel 

Fig. 5-5. Desired a z i m t h  coverage produced by horn arrange-  
ment of Fig.  5-4. 

For Cassegrain antennas using l a rge  sub - re f l ec to r s ,  i t  i s  expected t h a t  beam 

s teerange  could be achieved by feed displacement with almost the  same r e s u l t s  as for  

the  simple f eed - re f l ec to r  combination. 

blocking i t  is  des i rab le  t o  use small sub - re f l ec to r s .  

sociated magnefication f a c t o r  which may be def ined as the r a t i o  of the a c t u a l  feed 

s i z e  to  the e f f e c t i v e  feed s i z e ,  o r  the equiva len t  angular measure Q v r  /cp 

l u s t r a t e d  below. 

However, i n  order  t o  minimize ape r tu re  

These r e f l e c t o r s  have an  as- 

as il- 

\ 

Feed Image \ 

Feed \ Equi-phase Surface  

Fig. 5-6. Cassegrain geometry. 
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For a simple re f l ec to r - f eed  combination, fed by a po in t  source a t  the focus,  the 

equat ion f o r  the equi-phase su r face  a t  the  parabol ic  ape r tu re  i s  a plane surface.  

t he  feed is  moved r a d i a l l y  o f f  focus a small d i s t ance  (but  kept  wi th in  the  foca l  

p lane) ,  the main e f f e c t  i s  a t i l t  of the phasefront  by an angle  approximately equal 

t o  the angular  displacement of the  feed r e l a t i v e  t o  the  cen te r  of the r e f l e c t o r .  A 

secondary e f f e c t  i s  a cubic  term i n  the equi-phase su r face  equation. A s  the  s teerage  

angle  is increased t o  the  order  of 506 beamwidths, the cubic  term becomes s i g n i f i c a n t  

and a se r ious  coma lobe i s  introduced ( a  high s ide lobe  immediately adjacent  t o  the  

mainlobe). 

As 

For a Cassegrain antenna having s i g n i f i c a n t  magnif icat ion (say,  g rea t e r  than 

two), the t h e o r e t i c a l  d e t e r i o r a t i o n  of the  equi-phase su r face  with s teerage  angle 

of  t he  feed i s  f a s t e r  than f o r  the simple feed - re f l ec to r  system. 

c a l  eva lua t ion  of t h i s  e f f e c t  would requi re  extensive computation. 

t h i s  i s  bel ieved t o  be unnecessary for  the  app l i ca t ion  of i n t e r e s t .  The s teerage  

angles  of interest f o r  the LRC appl ica t ion  are approximately one beamwidth. 

the magnif icat ion of the LRC antenna is not  known t o  the writer a t  t h i s  time, an 

example of an experimental  s y s t e m  i s  ava i lab le  which is  bel ieved t o  cover adequately 

t h e  LRC case  of i n t e r e s t .  

A d e t a i l e d  a n a l y t i -  

Fortunately,  

Although 

The West Ford antenna descr ibed i n  re ference  [38],  opera tes  a t  X-band and has 

a 60 f o o t  diameter.  I n  many r e spec t s  t h i s  antenna is s i m i l a r  t o  the  one LRC has 

under construct ion.  It has a requirement f o r  a c e n t r a l  beam and four  add i t iona l  

beams displaced from t h i s  t o  the  r i g h t ,  l e f t ,  up, and down. Their requirements on 

gain and beamwidth were much more s t r ingen t  t h a t  those of LRC f o r  the o f f - s e t  beams. 

Consequently, they went t o  considerable t rouble  t o  achieve a f ive- terminal  feed 

system which feeds the horns through an arrangement of switches and power s p l i t t e r s .  

The r e s u l t i n g  secondary p a t t e r n s  a r e  shown i n  Figs.  23, 24, 26, and 27 of the r e f e r -  

ence. 

q u i t e  e f f e c t i v e l y  f o r  o f f - s e t  angles  of approximately one beamwidth. 

These r e s u l t s  show t h a t  a near-optimum feed system can produce o f f - s e t  beams 

It would appear t h a t  a simple feed system, such as the  one considered f o r  the 

LRC antenna,  would give poorer r e s u l t s  t h a t  those obtained from the Westford antenna. 

An o f f s e t t i n g  f a c t o r  might occur i f  the magnif icat ion f o r  the  LRC antenna i s  l e s s  

than t h a t  used i n  the West Ford system (approximately 12). 

3. Conclusions 

Although absolu te  c e r t a i n t i t y  about the q u a l i t y  of t he  o f f s e t  beams produced by 

a feed system of the  type shown i n  Fig. 5-4 cannot be s t a t e d ,  cons idera t ion  of the 

a p p l i c a t i o n  would ind ica t e  t h a t  i t  would work out  q u i t e  w e l l .  It i s  recommended 

t h a t  t h e  ape r tu re  dimensions of each of t he  o f f s e t  horns be se lec ted  t o  produce a 
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a sub- re f l ec to r  i l lumina t ion  which has about 10 db taper ,  i f  t h i s  appears p r a c t i c a l .  

This probably means t h a t  each horn would be somewhat smaller  than the  four-horn 

ape r tu re  f o r  the monopulse beams, bu t  l a r g e r  than each of the horns i n  t h i s  c l u s t e r .  

I f  the  horns cannot be se l ec t ed  t o  be t h i s  b i g  because of phys ica l  l i m i t a t i o n s ,  the  

use of smaller horns would r e s u l t  i n  lower peak ga in  and higher s ide lobes  f o r  the 

o f f - s e t  beams. The beamwidths should be about the same as t h a t  of t he  sum channel,  

o r  poss ib ly  somewhat narrower. 

cause the aux i l i a ry  horns to  s u f f e r  appreciable  p a r a l l a x  i n  feeding the  sub - re f l ec to r ,  

these horns should be t i l t e d  s l i g h t l y  so t h a t  t h e i r  axes po in t  toward the center  of 

the sub- ref lec tor .  Each of the a u x i l i a r y  horns could be fed i n t o  a r ece ive r ,  the 

acqu i s i t i on  log ic  then being modified t o  include the outputs  of the add i t iona l  four  

rece ivers .  Al te rna te ly ,  a form of synchronous t ime-sharing of one rece iver  could 

be worked out  by an arrangement of an R-F (o r  I-F) switch and a second switch operated 

synchronously a t  the rece iver  outputs .  

I f  the monopulse feed c l u s t e r  is  l a rge  enough t o  
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APPENDIX A. RADAR CROSS SECTION NEASUREMENTS OF 

THE SCOUT VEHICLE 

A, INTRODUCTION 
As a portion of the study, it became necessary to obtain an estimate of the scat- 

tering characteristics of the last four stages of a Scout Launch Vehicle. The first 

stage was omitted from study in that stage separation occurred beyond the radar 

horizon and thus was not of interest. 

ductron Corporation facility in Ann Arbor, Michigan at a sinulated L-band (1300 Mc) 
frequency. The data have been subject to brief analysis including median plots for 

four configurations, cumulative plots for all measurements, and comparison with 

theoretical estimates for two easily calculable situations. The results of the 
Conductron measurements were submitted to the Radiation Systems Laboratory formally 

in Reference [17]. 
in the present document almost verbatim so as to produce a single comprehensive 
discussion. 

The measurements were performed at the Con- 

The information contained in that reference has been included 

B. TECHNICAL DISCUSSION 
1. Measurement Systems - General Discussion 
There are several basic techniques available for measurement of radar cross 

section. These are: 

1. Standing Wave Method 

2 .  Doppler Shift Method 
3. Magic Tee Method (CW) 
4 .  Space Separation Method 
5. Time Separation Method (Pulse) 

6 .  FM/CW Radar Method 
Each method substantially attempts to provide an optimum compromise with regard 

to minimizing background return while still allowing large models to be measured at 

far field distances. No one of these techniques is universal in the sense that it 

is optimum for all possible measurement programs. W o  of these techniques have been 
widely adapted by measurement facilities throughout industry. These are the Magic 

Tee (or CW) and Time Separation (or pulse) techniques. The concept of operation 
will be briefly described as well as the advantages and disadvantages of each. 

The CW system can generally be found in two configurations, that of a single 
antenna and that of separate transmitting and receiving antennas. 

The single antenna system (see Fig. A-1) employs a very stable source of r-f 
energy which is fed into the H arm of a magic tee. The energy divides between the 
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two s i d e  a r m s ,  one of  which i s  terminated and the o the r  feeding the comon antenna. 

The r e t u r n  s igna l  is  then a v a i l a b l e  a t  the  E p o r t  f o r  de t ec t ion ,  ampl i f i ca t ion  and 

record ing  i n  a usual manner. The system i s  i n i t i a l l y  s e t  up wi th  the  t a r g e t  removed 
and the load i n  the f i r s t  s i d e  a r m  i s  tuned so as t o  n u l l  the  r e s i d u a l  r e t u r n  s i g n a l  

from the  column and background. 

d i r e c t l y  . 
The t a r g e t  (or  c a l i b r a t i o n  sphere)  i s  now measured 

The dua l  antenna system (see Fig.  A - 2 )  opera tes  i n  much the  same manner except 

t h a t  a small por t ion  of the t ransmi t ted  s i g n a l  i s  fed i n t o  the  rece iv ing  network 

through a va r i ab le  phase s h i f t i n g  network. 

s i g n a l  i s  then var ied  t o  provide a n u l l  with no t a r g e t  present .  

o r  sphere m y  be measured d i r e c t l y  as the r e s idua l  r e tu rn  i s  e f f e c t i v e l y  nul led.  

The two antenna s y s t e m  has  the  advantage of maintaining the  n u l l  balance 

The amplitude and phase of t h i s  small 

As before ,  a t a r g e t  

condi t ion  f o r  a longer period of time than can be achieved with a s i n g l e  antenna 

a t  the expense of in t roducing  some s m a l l  e r r o r  due t o  the  b i - s t a t i c  angle  

assoc ia ted  with two antennas.  

s t a t i c  angle  i s  l e s s  than 3’ and thus does not  in f luence  the  r e s u l t s  except where 

very p rec i se  s igna ture  da ta  i s  des i red .  

I n  a t y p i c a l  “pseudo monostatic” system, the  b i -  

The s h o r t  pulse method (see Fig.  A-3)  of measuring radar  r e t u r n  e f f e c t i v e l y  

i s o l a t e s  i n  t i m e  the  r e tu rn  of an obs t ac l e  from i t s  background, i .e .  ground 

c l u t t e r  o r  wa l l s  of the chamber. It i s  not  a s  e f f e c t i v e  a s  CW i n  removing the 

r e t u r n  due t o  the model support  i t s e l f .  

va luable  i n  determining i n d i v i d u a l s x i t t e r e r s  on a complex body because of t he  

exce l l en t  r e so lu t ion  i n  t i m e  achievable  (on the  order  of 10 nanoseconds). This 

lends the  pulse  technique p rop i t ious ly  t o  the  measurement and f u r t h e r  reduct ion  
of extremely low cross-sec t ion  models ( i . e .  10’5-+10‘6 m’). The pulse  system 

has a f u r t h e r  advantage t h a t  l a r g e r  models may be measured a t  f a r  f i e l d  condi- 

t i ons  due t o  the  higher power l e v e l s  (peak) a t t a i n a b l e .  

The s h o r t  pulse  technique i s  p a r t i c u l a r l y  

2 .  Measurement Sys tem 

The measurement s y s t e m  used on t h i s  program w a s  of t he  CW microwave br idge 
The 

The d e t a i l e d  block diagram of t h i s  system 
type. 
measurement frequency w a s  9.375 Gc.  

i s  shown i n  Fig.  A-4 .  

The system i s  pseudo-monostatic ( b i - s t a t i c  angle  of l e s s  than 3 O ) .  

The source output i s  fed i n d i r e c t l y  i n t o  the  t r a n s m i t t i n g  antenna wi th  Only 

a small s i g n a l  (-20 db) coupled o f f  f o r  balancing purposes. 

tude of the balancing s i g n a l  i s  ad jus t ed  t o  cance l  out  t he  background s i g n a l  

appearing i n  the  r ece ive r  arm of t he  hybrid tee.  

The phase and ampli- 
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F i g .  A-1. One antenna CW system. 

F i g .  A-2. Two antenna CW system. 

F i g .  A-3.  Short pulse system. 
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Fig. A - 4 .  CW pseudo-monostatic system. 

Fig. A - 5 .  Model 352-2 showing VHF antennas on third stage. 

-83- 



The r ece iv ing  system used f o r  t h e  outdoor measurement range i n  a S c i e n t i f i c -  

Atlanta  series 1600 rece iver .  The a c t u a l  u n i t  used on t h i s  program was t h e  

Sc ien t i f i c -At l an ta  model 1640ZP, which provides an RF-IF s u b s t i t u t i o n  system, 

and a s e l e c t a b l e  dynamic range of e i t h e r  40 db o r  60 db. 

system is _+ 0.25 db over t h e  e n t i r e  range on e i t h e r  s c a l e .  

of t h i s  receiver a r e  l i s t e d  i n  Table A - 1 .  

The l i n e a r i t y  of t h e  

The s p e c i f i c a t i o n s  

A Sc ien t i f i c -At l an ta  s e r i e s  1520 rectangular  recorder  was used f o r  p l o t t i n g  

analog s c a t t e r i n g  p a t t e r n s  of t h e  models. This recorder  has a v a i l a b l e  t h r e e  

7 
Frequency Coverage 20 Mc t o  100 Gc 

20 M c  t o  2 Gc -100 dbm 
2 G c t o 4 G c  -110 dbm 
4 Gc t o  12 Gc -100 dbm 

12 Gc t o  16 Gc -95 dbm 
16 Gc t o  28 Gc -90 dbm 
28 Gc t o  36 Gc -87 dbm 
36 Gc t o  60 Gc -75 dbm 
60 Gc t o  100 Gc -70 dbm 

S e n s i t i v i t y  

Linear  Dynamic Range s e l e c t a b l e :  40 o r  60 db 

Max R-F Input Level -15 dbm 

I-F Frequency 60 Mc 

(accurate  t o  3.25 dbj  

r 

cha r t - sca l e  expansions which provide sca les  of 360°, 60°, and 10' per  20-inch 

c h a r t  cycle .  

t h e  e n t i r e  recording range is 5 0.15 db f o r  e i t h e r  t h e  40 o r  60 db dynamic 

range. 

The 360° s c a l e  w a s  u t i l i z e d .  The logari thmic pen response over 

R-F Input CW, Sine,  Square Wave, 
Pu l se  Modulated 

3. Scout Model 

The model under test  i n  t h i s  program was f ab r i ca t ed  by NASA and loaned t o  

t h e  Radiat ion Systems Laboratory for the  tests. 

mately 1/8 s c a l e  from mahogany and i s  capable of being disassembled i n t o  four  

s e c t i o n s  r ep resen t ing  the  var ious f l i g h t  configurat ions.  It was no t  f ab r i ca t ed  

i n  such a manner so a s  t o  allow measurement of each j e t t i s o n e d  s t a g e  alone. 

The model w a s  painted with a conductive s i l v e r  p a i n t  r e s u l t i n g  i n  a t o t a l  sur-  

face  r e s i s t a n c e  from payload nose t o  a f t  end of t h e  second s t a g e  of less than 

It was f ab r i ca t ed  t o  approxi- 

1 Q  (at  D.C.). 
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The model was f ab r i ca t ed  without the f i b e r g l a s s  hea t  shroud which covers 

the fou r th  and f i f t h  s tages  during boost.  The sca t t e red  r e t u r n  a t  the  boundary 

of t h i s  d i e l e c t r i c  s h e l l  was estimated t o  be i n s i g n i f i c a n t  as compared t o  the 

mis s i l e  assembly beneath the shroud. An e x t e r i o r  tunnel running the length of the  

four th  s t age  was a l s o  o m i t t e d  a s  i t  represented a sur face  i r r e g u l a r i t y  of much 

l e s s  than a wave length.  Two VHF antennas,  however, were modeled on the t h i r d s t e g e  

a s  they a r e  approximately one wavelength long a t  the frequency of i n t e r e s t .  

The conf igura t ion  of these antennas may be noted by r e f e r r a l  t o  F ig .  A-5. 

P i c tu re s  of the model i n  each of i t s  f l i g h t  conf igura t ions  a r e  included a s  

F igs .  A-6 through A-9. 

model and payload por t ion ,  respec t ive ly .  

F igs .  A-10 and A - 1 1  i nd ica t e  the  dimensions of the e n t i r e  

4. Measurement Procedures 

A t o t a l  of e ight  measurements were taken on the Scout model. It was the 

i n t e n t  t o  obta in  the c ross -sec t ion  da ta  f o r  four  conf igura t ions  a s  w e l l  a s  t o  

demonstrate the  e f f e c t  (or  lack of e f f e c t )  of two va r i ab le s .  Addit ional  mea- 

surements were taken to  determine i f  the telemetry antennas located near  the 

top of the t h i r d  s tage caused e i t h e r  the whole model or the whole model l e s s  

t h e  second s t age  to  be r o l l  dependent. When the t h i r d  s t age  w a s  removed, the 

remaining model i s  small  enough so a s  t o  cause concern a s  t o  whether o r  not the 

l a s t  two configurat ions were po la r i za t ion  dependent. This required an a d d i t i o n a l  

two measurements a t  a new po la r i za t ion .  Thus, t o  summarize the measurements: 

1. e n t i r e  model* - te lemetry antenna plane ho r i zon ta l  

2 .  e n t i r e  model* - telemetry antenna plane v e r t i c a l  

3. second s tage  removed* - telemetry antenna plane ho r i zon ta l  

4 .  second s tage  removed* - te lemetry antenna plane v e r t i c a l  

5 .  t h i rd  s tage  removed - hor i zon ta l  p o l a r i z a t i o n  

6. th i rd  s t age  removed - v e r t i c a l  po la r i za t ion  

7 .  fourth s tage  removed - hor i zon ta l  p o l a r i z a t i o n  

8 .  fourth s tage  removed - v e r t i c a l  p o l a r i z a t i o n  

*Model measured a t  v e r t i c a l  po la r i za t ion  f o r  both r o l l  conf igura t ions .  

The raw da ta  from these e i g h t  measurements a r e  included as Fig .  A-12 through 

Fig .  A-19. 

The model was supported by a s i n g l e  Pelaspan column throughout the program. 

The r e s idua l  re turn  of the column and background is  included a s  Fig.  A-20. A 

-85- 



F i g .  A - 6 .  Model 352-1 .  

F i g .  A - 7 .  Model 352-2 .  
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F i g .  A - 8 .  Model 3 5 2 - 3 .  

F i g .  A - 9 .  Model 3 5 2 - 4 .  
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Not t o  scale 

A11 dimcn8ions in inches 

F i g .  A-10 .  Scout model. 

I-- 7.07 _I 

F i g .  A-11. Fif th  stage payload model. 
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small support  saddle was c u t  f o r  each of t h e  configurat ions.  The a c t u a l  mea- 

surement procedure was  to :  

1. Place t h e  model a t  a range which would provide e s s e n t i a l l y  
uniform amplitude i l l umina t ion  (approximately 150 f e e t ) .  

2. Record RCS d a t a  a s  a funct ion of model a spec t  angle.  

3. Ca l ib ra t e  each measurement using an eight- inch diameter 
sphere (@ 9.375 G c ,  o~~~~~~ = -15 db > m 2 ) .  

The model was c a r r i e d  t o  and from the  support  f o r  each c a l i b r a t i o n  run. 

White co t ton  gloves were used t o  avoid d i s t u r b i n g  t h e  model conducting surface.  

The model was leveled between each measurement with a K & E model KE 1-E 

t heodo l i t e .  
5 .  Near-Field E f f e c t s  

The range-to-model used during the  tes ts  was s a t i s f a c t o r y  t o  provide 

i l l umina t ion  which gave e s s e n t i a l l y  plane wave condi t ions f o r  t h e  ma jo r i ty  of 

t h e  measurements, However, during the  measurement of configurat ions 352-1 and 

352-2, the  model was allowed t o  be measured i n  n e a r - f i e l d  condi t ions.  The 

range-to-model was 150 f e e t  and D /A f o r  a 70-inch long c y l i n d r i c a l  body i s  

approximately 324 f e e t  a t  t h e  measurement frequency. This i s  f e l t  t o  be of 

l i t t l e  concern i n  t h a t  t he  main e f f e c t  of n e a r - f i e l d  measurement i s  t o  change 

t h e  depth of  n u l l s  sha rp ly  with a much less pronounced e f f e c t  on t h e  peaks [ 1 9 ] .  

I n  add i t ion ,  spacing of successive n u l l s  w i l l  be s l i g h t l y  a l t e r e d .  In so fa r  as 

accu ra t e  s igna tu re  d a t a  w a s  not  t he  i n t e n t  of t he  measurements, nea r - f i e ld  e f -  

f e c t s  a r e  not  f e l t  t o  have influenced t h e  measurements s i g n i f i c a n t l y .  

2 

6.  Data Analysis- 

The da ta  ana lys i s  po r t ion  of t he  RCS measurement program was b r i e f  and 

intended t o  provide th ree  important r e s u l t s .  

F i r s t ,  t h e  production of median value average d a t a  from the  r a w  measurements 

w a s  required a s  the inpu t  t o  s ignal- to-noise  r a t i o  c a l c u l a t i o n s  i n  t h e  acqu i s i -  

t i o n  study. 

only and a r e  included a s  Figs .  A-21 through A-24. 

over two degree increments of a spec t  ang le  a s  t h i s  represented a t y p i c a l  maxi- 

mum aspec t  uncertainty i n  t h e  a c q u i s i t i o n  s tudy computational model. 

e r  model time r e so lu t ion  i s  one second of f l i g h t  i n  t h e  Scout t r a j e c t o r y  and 

t h e  maximum average r a t e  of change of a s p e c t  was found t o  be about two degrees  

pe r  second. 

These da t a  have been achieved f o r  t h e  v e r t i c a l l y  polar ized d a t a  

The median value w a s  computed 

The comput- 

Second , t he  comparison with t h e o r e t i c a l  c a l c u l a t i o n s  was f e l t  required t o  

s u b s t a n t i a t e  t he  confidence i n  the  experimental  r e s u l t s .  The computation of 

.. . 
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t h e o r e t i c a l  r ada r  c ros s  s e c t i o n  f o r  a complex body i s  a d i f f i c u l t  t a s k  and t h e  

a r e a s  of t he  scout  geometry which were considered apropo were the  broadside 

r e t u r n  from the  e n t i r e  model and the  forward quadrant r e t u r n  of t h e  payload. 

Fig.  A-25 shows the broadside measurements wi th  the  t h e o r e t i c a l  computation super- 
imposed. This computation w a s  achieved by consider ing t h e  c y l i n d r i c a l  po r t ion  

of the  second and t h i r d  s t ages  t o  provide the  ma jo r i ty  of s c a t t e r .  The c ross  

s e c t i o n  may then be computed from (see Ref. 18):  

1' [ 2 ] [ s in  k l  s ine )  
o ( 0 )  = k a l  c o s @ -  kl(sins 

where , 
2Tf 
A k i s  t h e  wave number ( = - ) 

a i s  t h e  cy l inde r  r ad ius  

1 i s  t h e  cy l inde r  length 

6 i s  t h e  aspect angle  (zero normal t o  t h e  cy l inde r )  

The r e t u r n  i n  the  forward quadrant (see Fig.  26) of t h e  payload was com- 

puted by t h e  method of physical  o p t i c s  a s  descr ibed i n  Ref. 1. Careful  exami- 

na t ion  of t he  dimensions of t h e  model i n d i c a t e  some doubt a s  t o  whether t he  

technique i s  f u l l y  app l i cab le  s ince  t h e  r a d i i  of cu rva tu re  a r e  on the  order  of 

a wave length a t  the scaled frequency. This accounts,  a t  l e a s t  i n  par t ,  f o r  

t he  dev ia t ion  between t h e  t h e o r e t i c a l  computation and t h e  experimental  measure- 

ment i n  the  a c t u a l  c r o s s  s e c t i o n  s igna tu re .  However, i t  appears t h a t  t h e  s t a -  

t i s t i c a l  p rope r t i e s  of t h e  r e t u r n  amplitude a s  w e l l  a s  t h e  lower frequency 

s p e c t r a l  content  of t h e  c a l c u l a t i o n  agree q u i t e  w e l l  wi th  t h e  measured d a t a .  

Hopefully, t h i s  i s  o the r  than coincidence. 

Third,  the  computation of cumulative r ada r  c r o s s  s e c t i o n  p l o t s  w a s  required 

t o  i n v e s t i g a t e  whether t h e  v e h i c l e  was r o l l  o r  p o l a r i z a t i o n  s e n s i t i v e .  The 

cumulative r a d a r  cross  s e c t i o n  of a veh ic l e  i s  def ined a s  t h e  p r o b a b i l i t y  t h a t  

t he  o v e r a l l  c ros s  s e c t i o n  (when viewed over a f u l l  360' of aspect)  w i l l  exceed 

a given value.  T h i s  heavi ly  smoothes the  rapid s c i n t i l l a t i o n  with a spec t  va r i a -  

t i o n  encountered in  most complex bodies i n  such a manner t h a t  dec i s ions  can be 

made on a broad bas i s .  The cumulative da t a  so  a t t a i n e d  are  included a s  Fig.  27 

and Fig.  28. Fig.  27 i n d i c a t e s  t he  r e s u l t s  a p p l i c a b l e  t o  t h e  f i r s t  four  measure- 

ments where the  i n t e r e s t  was i n  determining t h e  e f f e c t  of r o l l  while  Fig.  28 

p resen t s  t h e  r e s u l t s  of t he  l a s t  four measurements where p o l a r i z a t i o n  e f f e c t s  

were sought. 
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F i g .  A-25. Theoretical calculation of broadside return 
from entire model compared with measured 
data. 
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Fig. A-26 .  Theoretical calculation return from pay- 
load compared with measured data. 
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C. CONCLUSIONS AND OBSERVATIONS 

1. Entire Model 
The broadside return compared quite well with the theoretical calcula- 

tions over a small range of aspect angles. The magnitude of the return at 

normal incidence is slightly reduced and the expected nulls are filled in, 

both conditions probably due to the near field condition existing for this 

measurement. The configuration does not indicate any serious sensitivity 

to roll except directly nose-on where a 2.5 db variation in return can be 

observed. 

2. Removal of Second Stage 
The broadside return again follows theory as it decreases approximately 

3 db as the second stage is removed. An interesting phenomenon is observed 

over the rest of the aspect coverage, however, 
to increase 2-3 db especially in the vicinity of 45 off the nose. This is 
especially noticeable on the cumulative plots and most likely due to com- 
plex scattering phenomena not within the scope of this document. 
configuration is also essentially insensitive to roll angle, the maximum 

observed variation occurring again at the nose aspect. 
lation as a function of aspect is prevalent at the cp= 90 

The overall return appears 
0 

This 

Increased scintil- 
0 measurement. 

3. Removal of Third Stage 
The broadside return again appears to follow theory while the cumulative 

plot does not show a significant change. 
occurring predominantly from the surface discontinuities associated with the 
fourth stage and payload rather than the cylindrical third stage. The angu- 

lar shift of maximum broadside return from 90 to 81 off nose aspect is a 

direct result of the 9 The configuration 

was measured at two polarizations and only a slight difference noted. 

agrees quite well with theory as the model dimensions border the region 
where the payload and fourth stage would be polarization dependent (i.e., 
most radii of curvature exceed a wavelength). 

This is likely due to the scatter 

0 0 

0 taper on the payload cone-face. 

This 

4.  Removal of Fourth Stage (Payload Only) 

The comparison of the experimental measurements with physical optics 

theory indicates a good correlation in spite of the fact that the method 
of physical optics is not truly applicable to a body of this size at the 

measurement frequency. The results of the theoretical calculation do not 
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produce the measured signature, however the comparison agrees at least in 

a statistical sense: 
appear to match quite well. 

the amplitude and frequency content of both curves 

It is therefore concluded that the measurement program has produced 

results which are accurate and usable in the current acquisition study to 

determine the obtainable performance of the NASA Langley Research Center 

L-band tracking radar. 
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APPENDIX B. VOLUMETRIC UNCERTAINTY KIDEL 

A. GENERAL DESCRIPTION 

To obtain the overall probability of target acquisition, it is necessary to 
calculate the probability that a defined spatial volume contains the target during 

a particular time interval. 
associated computer program is to calculate this probability at given intervals of 

time during the mission of interest. 

The purpose of the volumetric uncertainty model and 

For the calculation of this probability, the angular extent of the volume is 
defined in terms of the elevation and azimuth angles of a reference angle as measured 

at the antenna site. 

measured from the center of the volume. 

are shown in Fig. B-1, for an approximately rectangular volume. 

The position of the target is defined by angular differences 

The nomenclature and coordinate system used 

The probability that the target is within the rectangular volume defined by 
&3v, Nv and A,€$, is calculated from the differences 6 

pr obab i 1 it y 
6 and ER, and is the joint R’ cp’ 

where the nomenclature is defined in Fig. B-1. 
in each coordinate are independent, this joint probability may be written as the 
product 

Under the assumption that the errors 

For normally distributed errors, the probabilities can be determined from the mean 

(m) and standard deviation ( 0 )  of each of the coordinate errors as 
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FI .  

A 

Fig. B-1. Volumetric unce r t a in ty  model ( rectangular  volume)-coordi- 
n a t e  system and nomenclature. 

I * I 

E = e r r o r s  i n  coordinate  alignment a t  0 
edl = e r r o r s  a t t r i b u t a b l e  t o  source of command angle  
E e r r o r s  i n  t r ansmi t t i ng  command angle  t o  l o c a t i o n  0 
E 

Designation e r r o r s  Edl  i- e b  

C 

b 

d2  loca t ion  o 

Point ing e r r o r s  - E P  + E C  

= e r r o r s  between beam cen te r  angle  and camnand angle  a t  

Fig.  B-2. Breakdown of e r r o r s  a s  t o  source.  
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I n  some cases, a c y l i n d r i c a l  volume is  used, and f o r  t h i s  case, the  p r o b a b i l i t y  

of the t a r g e t  being i n  the volume is  given by 

where r is the r ad ius  of the c y l i n d r i c a l  volume i n  u n i t s  of angle.  
0 

The preceding expressions,  (B-3) and (B-4), permit c a l c u l a t i o n  of the  p r o b a b i l i t i e s  

of the  t a r g e t  being wi th in  the spec i f ied  volume when the mean and s tandard devia t ion  

of the angular  e r r o r s  and range e r ro r  i s  known. For the  a c q u i s i t i o n  model, the e r r o r  

means and s tandard devia t ions  a r e  i n  genera l  func t ions  of t i m e ,  hence P changes 

with t i m e .  
V 

I n  cases where the  p r o b a b i l i t y  of the t a r g e t  being wi th in  a given angular  volume 

only is des i r ed ,  (e.g., range uncer ta in ty  not considered) ,  the range i n t e g r a l  and 

a s soc ia t ed  u u l t i p l i e r  is set  equal  t o  un i ty .  

B. COMBINATION OF ERRORS 

For the  a c q u i s i t i o n  mode using ex terna l  des igna t ion  da ta  f o r  po in t ing  informa- 
tinr?, t h e  instantaneous e r r o r s  are broken down as t o  source as shown i n  Fig. B-2. 

For s impl i c i ty ,  only one dimension i s  shown on t h i s  drawing and discussed i n  the 

following. Angular e r r o r s  between the t a r g e t  l ine-of -s ight  angle  a t  loca t ion  1 

and the angular  command vol tage  appl ied t o  the acqu i s i t i on  bus a r e  represented by 

f d l  = QLS1 - Eldl. 
Er rors  between the command angle a t  l oca t ion  1 and loca t ion  0 

a r e  given by E and e r r o r s  between the command angle a t  l oca t ion  0 and the beam 

c e n t e r  i n  l o c a l  coordinates  a r e  designated E . Coordinate alignment e r r o r s  a r e  

designated E . The e r r o r  between the t a r g e t  s i g h t  l i n e  a t  0 and the beam center  i s  

E and i n  t e r n  of the o the r  e r ro r s ,  is  given by 

b y  

P 
C 

d '  

+ E C  
E "  

8 'LS1 - 'LSO + 'p + 'b + 'd l  (B-5) 

Each of these e r r o r s  a r e  then fu r the r  broken down a s  t o  type. The types of e r r o r s  

considered a r e  the systematic ,  o r  "bias" e r r o r s ;  and random e r ro r s .  

between these c l a s s e s  is not  c l e a r  cut i n  some cases ,  and considerable  engineering 

judgement if required.  Random e r ro r s  a r e  described by t h e i r  standard devia t ion  o r  

ras value,  while  systematic  e r r o r s  a r e  def ined by t h e i r  magnitude. 

The d i s t i n c t i o n  
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Since each of the e r r o r s  a r e  assumed t o  be the sum of a l a rge  number of smaller  

e r r o r s ,  the dens i ty  func t ion  of E a t  a p a r t i c u l a r  time i s  assumed normal wi th  mean 

and var iance:  
e 

2 

e P b d l  C p b d l c  

- - - -  2 2 -  2 -2 -2 - 4 P E 2 + E 2 + E  2 + E  - E  - E  - E  - E  ( B - 7 )  

- 
where, f o r  example, E r ep resen t s  the b i a s r r o r  between the t a r g e t  l i n e  of s i g h t  

(eLso) and the connnand angle  (e,,), and [ E  

component of t h i s  e r ro r .  The b i a s  e r r o r s  are combined on an rss b a s i s  because of 

the lack of knowledge of the s i g n  o r  d i r e c t i o n  of the  b i a s .  When the d i r e c t i o n  i s  

known, the a c t u a l  magnitudes, including s igns ,  a r e  used i n  combining b i a s  e r r o r s .  

P ”] % - E i s  the l~ms value of the random 
P P 

The general  procedure ind ica ted  above i s  a l s o  used f o r  combining the ind iv idua l  

Each e r r o r  term d l ’  e r r o r s  t h a t  make up each of the  e r r o r  terms E E E and E 

i s  i n  general  considered t o  be a funct ion of time a f t e r  l i f t o f f ;  t h i s  func t iona l  

dependence and the models used f o r  es t imat ion  of the e r r o r s  a r e  discussed i n  

Appendices C and D. 

p’  c’ b y  
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APPENDIX C. LANGLEY SYSTEM POINTING ERRORS 

The pointing error is defined as the error between the beam center angle (in the 

local coordinate system) and the angle defined by the synchro voltage at the servo 

input. A s  such, it includes errors due to servo lag, wind gust torques, leveling 

and alignment, servo noise, boresight collimation, boresight shift, and beam bending 

due to tropospheric refraction. 

following. 

The estimation of these errors is discussed in the 

Servo Lag Error 
A study of the servo and drive system specification [ 411 indicates a maximum 

0 0 following error of .05 at angular rates of 10 per second. This specification was 
used by the manufacturer to select the servo velocity constant at maxinnun servo 

bandwidth, (2.5 cps). 
For a given velocity constant (K ), the steady-state following error is given 

V 

e 
sf 'G 

E 5 5 -  

where 8 is the cornnand angular velocity. 
Values of l'$, for the servo system are listed in Table C-1. 

Table C-1. Servo velocity constants. 

Servo bandwidth (cps) 

2.5 
1.6 
1.0 

.5 

.3 

.18 

.l 

% (sec-') 
230 
115 
67 
32 

19.5 

12 

6.3 

This error is a systematic or bias error, with predictable direction or sign. 

Wind Gust Error 

To estimate the effect of torques due to wind gusts on the antenna, a system 

model as shown in Fig. C-1 is used. 
servo transfer function as an integrator, and neglects the higher order time con- 

stants in the system. 

This simplified model represents the open loop 
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From the  model of Fig.  C - 1 ,  the  s p e c t r a l  dens i ty  of the e r r o r  due t o  wind gus t  

torque i s  

where 0 (u) i s  the s p e c t r a l  d e n s i t y  of t he  wind torque. 
T 

The random component of wind torque can be obtained from the  s p e c t r a l  d e n s i t y  

of wind v e l o c i t y  v a r i a t i o n s  by de f in ing  an aerodynamic cons t an t  t h a t  r e l a t e s  torque 

t o  the square of wind speed as 

TW f t  - l b s  = -  
KW V W 2 (fPSI2 ( C - 3 )  

where v i s  the wind v e l o c i t y  and T i s  the  r e s u l t i n g  torque. The v a r i a b l e  com- 

ponent of torque i s  then found as 
W W 

Tw + ATw = Kw(vw + 4v) 2 

ATw = 2Kw vw Av 

and the  torque s p e c t r a l  d e n s i t y  is then 

where @ (0) i s  the v e l o c i t y  s p e c t r a l  dens i ty .  
V 

The mean square e r r o r  caused by wind torque i s  found by i n t e g r a t i n g  ( C - 2 )  
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T I +  Js 2 + Bs + K I-, 
@c I %Is + 0 

T = wind torques 

8 = beam center angle 

= conmand angle 

0 

')c 

% = servo velocity constant 

J = load inertia 

B = load damping 

K = load spring constant 

Fig. C-1. Single axis model for estimating error caused by wind gust torque. 
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Values of J, B y  and K were found by calculating an equivalent load from the elevation 

and azimuth dynamic model described in [41]. 

dominant response of the system to antenna torque, but does not include the higher 

This equivalent load describes the 

frequency terms. Calculated values of the parameters are shown in Table C-3. 

Table C-3. Servo constants for gust analysis. 

2 
Axis 1 Kw (w) J(ft-lbs-sec ) B (ft-lbs-sec) K (ft-lbs/rad) 

5 

5 

( f P S 2 )  , .I .-..- ---- .- . I -_ --- ---__I . - -_-- 
! Azimuth 5 

E 1 eva t ion 5 

8 

8 
.416 x 10 

. 231  x 10 

6 
. 3 5  x 10 

.379 x 10 

i 

. 283  x 10 

. 2 6 8  x 10 
6 1  

... * --.. 

A typical gust velocity spectrum is given in [ 2 ]  as 

where W 
the remaining parameters, permits estimation of the rms error due to gusts by 
evaluation of eq ( C - 7 ) .  

= 4000 and mo = .0325.  This spectra, along with the numerical values of 
0 

An approximate evaluation may be obtained by considering 

2 2 2  - Kw vw 

K \  
2 € =  

W 

Numerical calculations using this approximation as well as a computer solution to 
eq ((2-7) indicate that the error attributable t o  wind gust should be negligible 

if servo specifications are met. For example, a 50 knot wind at the lowest servo 
bandwidth gives an rms error of only 6 . 3  x 10 -5 degrees. 

Note that the above calculations do not take into account deflections of the 
dish due to wind gusts, 

under wind conditions of 30 knots shall be .1 degree rms. 
due to dish deflections, tracking the error is assumed to vary with velocity as in 

eq. (C-9) giving as an approximate model, 

The system specifications require that the tracking accuracy 
To estimate the error 

(C-10) -3  
E TJ 3 . 3  x 10 v deg rms d W 
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where v is wind speed in knots. 
W 

Bias errors due to steady wind torque should be negligible due to the effective 

integration inherent in the servo motor. 

Servo Noise 

In the remote mode of operation, servo noise will arise from demodulation of 

the synchro voltages, thermal noise in servo amplifiers, and random fluctuations 
in the power supplies and hydraulic systems. The error budget for random errors 

is the same as that for cyclic errors, and the sum of random, cyclic, and 'bias 

errors must be less than .025 in the following mode, according to the system speci- 

fications. An estimate of .01 rms  is used for the servo noise contribution. It 
is necessary to estimate this error since actual data is not available, and the 

allowable magnitude is not specifically stated in the system specifications. 

0 

0 

Refractivity Variations 
Variations in the refractive index of the atmosphere cause beam bending with 

both a bias and random component. 
source for pointing information, the bias error is not important since the beam 

of the auxiliary antenna should be offset by the same amount as the slaved antenna. 

In the acquisition case, when using an auxiliary 

The random component of beam bending is caused by irregularities that drift 

past the antenna beam, and these random fluctuations will not in general be correlated 
between the two antennas. 
length through the troposphere and upon atmospheric conditions over the path. An 
approximate expression for the rms angular variation has been derived in [23 as 

The rms angular variation depends strongly upon path 

E = 2 x 10 -6 C t J L  rms rad t (C-11) 

where Ct is a constant between .01 and 1 depending upon weather conditions, and 
L is the path length in feet. Representative values of C are listed in Table C-4. 

t 

Table C-4. Roposphere variation constant (C ). 
t 

Weather Condition Ct 
I 1 

Clear, dry air 
Moist air 
Heavy overcast 

.015 

.075 

.25 
I 1 Heavy cumulus ! .75 
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For ca l cu la t ions  at  the  Bermuda s i t e  , a va lue  of C = .1 i s  se l ec t ed  as representa-  

t i ve  . t 

The pa th  length L i s  ca l cu la t ed  from the  expressions 

L '  = Re { [ s in  2 cp + . l05]' - sincp) 

L = L '  if R >  L '  

L = R i f R < L '  

where Re i s  the rad ius  of the  e a r t h ,  u, is the l o c a l  e l eva t ion  angle  and R i s  the  

s l a n t  range t o  the  t a r g e t .  

The e f f e c t s  of t he  ionosphere on the angular  e r r o r  are considered neg l ig ib l e  

This  expression assumes a troposphere he ight  of 4 nm. 

a t  the frequencies  of i n t e r e s t .  

Other Point ing Er ro r s  

Er rors  i n  bores ight  co l l imat ion ,  bores ight  s t a b i l i t y ,  l eve l ing  and alignment, 

and or thogonal i ty  o f  a x i s  a l s o  con t r ibu te  t o  the  e r r o r  between the  beam cen te r  angle  

( i n  a u x i l i a r y  system coord ina tes )  and the  angle  def ined by the  synchro vo l t age  a t  

the remote input .  

i n  Table C-5. 

Spec i f i ca t ion  va lues  are used t o  es t imate  these e r r o r s  as shown 

Table C-5. Fixed po in t ing  e r r o r s .  
* 

Source Magnitude (degrees)  

Bore s i gh t Co 1 1 i m a  t ion  .05 

Bores igh t S t a b i l i t y  

Leveling and Alignment 

Orthogonal i ty  of Axes 

Tota l  r . s . s .  

.02 

.0084 

.0084 

.057O 

The r.s.s. t o t a l  of these  e r r o r s  i s  considered as a 2 0  random e r r o r ,  g iv ing  an r m s  

va lue  of 0.28'. 

Summary of Point ing Error  

The e r r o r s  a r e  assumed i d e n t i c a l  i n  each coord ina te  ( e l eva t ion  and azimuth), 

and a r e  summarized i n  Table C-6. 
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I .  
- .----__I 

Source 
- _  - - -__ ._ .--- -. 

Servo Lag 

Wind Gusts 
axis rotation 

dish deflections 

Servo Noise 

Other (boresight, 
etc.) 

Table C-6. Sumnary of pointing errors (E ) 
P 

_ _  - 
9 

Model Type Magnitude 

eq. (C-1) bias function of angular rates 
~ - .  .a. - - --I - _- 

eq. (C-2) random negligible 

eq. (C-LO) , random 
, random fixed 

fixed i random 
1 Refractivity varia- ! eq. (c-11)1 random 
+ tions i i 

function of wind speed 

-01 rms (estimated) 

.028O rms 

0 

function of elevation angle, range 

Parallax Error ( 6  - 8 LS1 LSO) 
The parallax error in elevation is considered negligible, while for the azimuth 

coordinate it is dervied as 

d eLso = E cos (e + goo - eol) eLsl - (C-13) 

where d is the distance between locations 0 and 1, 8 is the azimuth of location 
1 relative to location 0 ,  0 is the azimuth angle of the target, and R is the slant 
range io iiie target. 

01 
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APPENDIX D. BERMUDA ACQUISITION BUS PERFORMANCE 

I 

A. GENERAL DESCRIPTION 
The acquisition system at Bermuda provides pointing data to remote antennas by 

means of synchro voltages on an acquisition bus giving angular positions of the 

target. The source of pointing data to the acquisition bus is selectable by an 

operator at the acquisition data console. 
As presently implemented, the data sources include a manual input by the op- 

erator using preflight trajectory calculations, an automatic programer, the VHF 

acquisition aids (quad helixes), and the FPS-16 and Verlort radars. The usual 
sequence of operations during a mission is manual or progrananer track-to- acquisi- 

tion aid-to radar. Should the radar lose track, data from the next m s t  accurate 

source is switched on the bus. 

B. STATIC POINTING ACCURACY 
Tests are regularly conducted at Bermuda to evaluate the static accuracy of the 

acquisition bus and associated synchros. 

location is chosen in turn as a source, and the other antenna pedestals are slaved 

to it. The source is positioned in increments through the rotational limits of both 
axes and the position of each pedestal is compared to that of the source. The posi- 

tional read-outs are obtained from digital encoders capable of measurments accurate 

to less than .1 degree. 

In measuring the static accuracy, each 

Examination of data taken during one of these tests indicate errors that 
occasionally exceed +_ 1 degree in both elevation and azinuth. 
averaged over all data points (about 1300 measurements) were .32 

.36O for azimuth. 
Acquisition Aid (AA) #l is shown in Fig. D-1. A sample of the actual data sheet is 
shown in Fig. D-2. 

AA#2, the rms errors are calculated as .12O rms in azinuth and .24 
If data taken at elevation angles greater than 30 
the calculated error is .19 ms in elevation. These latter figures (.12 az, .19 el) 

are considered more representative as to the expected static accuracy when slaving 
the Langley system, hence are used in the acquisition studies. 

The rms errors 
0 for elevation and 

A plot of the actual error measured while slaving the FPS-16 to 

If the data are modified to consider only the FPS-16, Verlort, and AA#1 and 
0 rms in elevation. 

0 is eliminated from consideration, 
0 

C. DYNAMIC SLAVING ACCURACY 
To obtain data on the expected slaving accuracy during a dynamic situation, M r .  

Walter LaFleur, NASA-Bernuda Station Director, performed a dynamic slaving test in 

which an acquisition aid was choosen as a slave source and the FPS-16 radar used as 
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Fig.  D - 1 .  Measured s t a t i c  e r r o r ,  FPS-16 s laved t o  
a c q u i s i t i o n  a i d  fl. 

the  slaved system. The a c q u i s i t i o n  bus p r o g r a m e r  w a s  then used t o  d r i v e  the  a c q u i s i -  

t i o n  a i d  through a simulated t racking pass .  

During t h e  simulated pass ,  azimuth and e l e v a t i o n  encoder p o s i t i o n  d a t a  from both 

t h e  a c q u i s i t i o n  a i d  and the  FPS-16 were recorded. Af t e r  the pas s ,  t h e  e l eva t ion  and 

azimuth pos i t i ons  of both systems were compared a t  .one second i n t e r v a l s  f o r  the  

du ra t ion  of the  pass.  The d i f f e rences  i n  p o s i t i o n  were p l o t t e d  as shown i n  Fig.  D - 3  

and D-4. 

Mr. LaFleur 's  c o m e n t s  on t h i s  t e s t  were as follows: 

"Consider the azimuth s e c t i o n  (Fig. D-3). During the  simulated pass  which l a s t e d  
0 f o r  two minutes, the  antennas were slaved from 270° through 0 The heavy 

s t r a i g h t  l i n e  represents  the  p o s i t i o n  of the  Acquis i t ion  Aid antenna (as ind ica t ed  

by the  o p t i c a l  encoder). The o t h e r  heavy l i n e  r ep resen t s  t he  p o s i t i o n  of t he  FPS-16 

antenna r e l a t i v e  t o  the  p o s i t i o n  of t he  Acquis i t ion  Aid antenna.' ' 

t o  l l O o .  

"From p a s t  experience,  i t  i s  known t h a t  the  mechanical angular  t r ack ing  between 

the o p t i c a l  encoders and remote output  synchros of t h e  Acquis i t ion  Aid is  no t  pe r -  

f e c t .  I n  order  t o  determine a c o r r e c t i o n  f a c t o r  f o r  t h i s  t r ack ing  e r r o r ,  t h e  s t a t i c  

accuracy (between the Acquis i t ion Aid encoder and Acquis i t ion  Aid remote synchro 

output)  w a s  checked every 5O between 270 0 and 110' azimuth. This e r r o r  w a s  p l o t t e d  

on the c h a r t s  as shown." 

"Since t h e  FPS-16 r e a c t s  t o  the  Acquis i t ion  Aid 's  remote synchro output  r a t h e r  

than the encoder output ,  the  most accu ra t e  a n a l y s i s  of t h e  t r u e  dynamic s i t u a t i o n  

would be t o  consider the  d i f f e r e n c e  between t h e  s t a t i c  l i n e  and t h e  FPS-16 readout 

1 ine  . 'I 
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"The s ta t ic  l i n e  represents  the pos i t i on  where the FPS-16 w a s  designated t o  go, 

and the  FPS-16 readout l i n e  represents  the  pos i t i on  where i t  a c t u a l l y  went." 

"There is  undoubtedly a c e r t a i n  axmunt of e l e c t r i c a l  t racking  e r r o r  between the 

Acquis i t ion  Aid's remote output  synchro and the  FPS-16 remote input  synchro. 

e r r o r  w a s  no t  considered f o r  t h i s  test.'' (Note: t h i s  e r r o r  is  included i n  the 

da ta ) .  

That 

"The e l eva t ion  sec t ion  of the  chart (Fig. D-4) ,  is i d e n t i c a l  t o  the azimuth 
0 s e c t i o n  except t h a t  the s l e w  w a s  from 0 t o  75 and back t o  O0.*' 

D. SLAVING TEST DATA ANALYSIS 

To apply the  r e s u l t s  of the t e s t  described above t o  the  s i t u a t i o n s  under consid- 

e r a t i o n ,  the  da ta  has been analyzed by the  following procedure. 

1. The s ta t ic  e r r o r  (AA2 D i g i t a l  Readout - AA2 Synchro Readout) w a s  

subt rac ted  from the overa l l  po in t ing  e r r o r .  

2. A t  given po in t s  i n  t i m e ,  the mean va lue  and rms value were calcu-  

l a t ed  over a t 10 second i n t e r v a l  i n  a "s l iding" averaging pro- 

cedure. 

For those azimuth and e leva t ion  angles  between da ta  po in t s ,  a 

l i n e a r  i n t e rpo la t ion  w a s  used t o  f i l l  i n  the missing poin ts .  

By t h i s  procedure, i t  is poss ib l e  t o  a s s o c i a t e  a mean and rms e r r o r  wi th  each 

3. 

value of e l eva t ion  and azimuth angle ;  t h i s  e r r o r  represents  an  example of a c t u a l  

e r r o r s  i n  des igna t ion  t h a t  may be expected i n  a dynamic t racking s i t u a t i o n .  The 

r e s u l t s  of the da t a  ana lys i s  a r e  shown i n  Fig.  0-5 and Fig. D-6. 

The t e s t  w a s  conducted a t  somewhat f a s t e r  r a t e s  than a r e  indicated by the 

RAM-C t r a j e c t o r y ,  and there  is no reason to  expect t h a t  t h e  e r r o r s  w i l l  have the  

s a m e  values  f o r  the designat ion of the Langley system, however, the  test does in -  

d i c a t e  the type and order  of magnitude of the e r r o r s  t h a t  w i l l  be encountered, and 

the system a c q u i s i t i o n  procedure must be prepared t o  handle e r r o r s  of the magnitude 

encountered i n  t h i s  test. 

The dynamic test  includes inaccuracies  due t o  the e r r o r  between the  remote 

synchro output  of the AA and the pos i t i on  of the  PPS-16, and these same e r r o r s  have 

been considered f o r  the s ta t ic  case in  the previous sec t ion .  

of  i n t e r e s t  is: a r e  any s i g n i f i c a n t  e r r o r s  added due t o  the  dynamic s i t u a t i o n ?  

The average value of the  means (averaged over e l eva t ion  angles  0-25 and 

azimuth angles  300°-80°) a r e  ca lcu la ted  t o  be .184O f o r  e l eva t ion  and .155O f o r  

azimuth. The s t a t i c  e r r o r s  calculated previous ly  were .19 rms f o r  e leva t ion ,  and 

.12 r m s  f o r  azimuth. It thus appears t h a t  i n  the  dynamic case,  add i t iona l  s lav ing  

e r r o r s  i n  azimuth may be present ,  although one sample run does not  give s u f f i c i e n t  

Hence, the  quest ion 

0 

0 

0 
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d a t a  t o  draw a s t a t i s t i c a l l y  sound conclusion. I n  o the r  words, f o r  a sample of s i z e  

one from a normal population with va r i ance  Y ,  t he  expected value of the  sample i s  Y, 
however values  between t 2Y should not  be su rp r i s ing .  

Since the  s t a t i c  e r r o r  es t imate  i s  based on considerably more d a t a  than the  dy- 

namic e s t ima te  i t  i s  concluded t h a t  a d d i t i o n a l  e r r o r s  due t o  t h e  dynamic s l a v i n g  

s i t u a t i o n  a r e  i n s i g n i f i c a n t ,  and the re fo re  values  obtained i n  t h e  s t a t i c  s l a v i n g  

t e s t  w i l l  be used f o r  a c q u i s i t i o n  c a l c u l a t i o n s .  

E. SOURCE TRACKING ACCURACIES 

1. Quad Helix Acquis i t ion Aids 

The spec i f i ed  accuracies  of t h i s  source a r e  l i s t e d  i n  Table D-1. 

Table D - 1 .  AA s p e c i f i e d  accuracy. 

Coordinate Accuracy 

Az imu t h 

Elevat ion (between 10 and 15') 

Elevat ion ( g r e a t e r  than 15') 

0 

.so 
1. oo 

.so 

0 The e l eva t ion  coordinate accuracy below 10 

pagation becomes a problem a t  e l e v a t i o n  ang le s  below 10 . 
source i s  approximately 20 . 

i s  not  spec i f ied , ,  s i n c e  mult ipath pro- 
0 The beamwidth of  t h i s  

0 

The s p e c i f i c a t i o n s  a r e  i n t e r p r e t e d  as implying t h a t  t h e  t r ack ing  e r r o r  w i l l  be 

l e s s  than the  values s t a t e d  95% of the  t i m e  ( 2  0 specs).  Thus, f o r  example, t h e  

r m s  t r ack ing  accuracy w i l l  be .25 a t  e l eva t ion  angles  g r e a t e r  than 15 . 0 0 

2 .  FPS-16 Radar 

A f a i r l y  de t a i l ed  angular  e r r o r  a n a l y s i s  of t h i s  p r e c i s i o n  r ada r  i s  described 

The s p e c i f i e d  f ixed  angular  e r r o r  i s  .1 m i l  rms i n  both i n  [ 2 ]  , pages 325-347.  

coordinates ,  fo r  t a r g e t s  a t  e l e v a t i o n  ang le s  g r e a t e r  than 6 . The v a r i a b l e  e r r o r s  

a r e  p r imar i ly  the servo l a g  and thermal no i se  e r r o r s .  For servo l ag ,  t he  e r r o r  is  
given by 

0 

where K 

of i n t e r e s t .  

ponding t o  servo bandwidths of .5 t o  6 cps. 

i s  the servo v e l o c i t y  cons t an t  and 6 is the  angular  r a t e  i n  the  coordinate  

For the FPS-16, Kv i s  a d j u s t a b l e  Over t h e  range 25-300 s e c - l ,  co r re s -  
V 
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The thermal noise  e r r o r  f o r  the FPS-16 is given approximately by [2] 

e = .48 [ Bn 1% rms deg 
(SNR) f r  t 

where B is the servo bandwidth i n  cps, f i s  the pu l se  r e p e t i t i o n  r a t e ,  and SNR 

is  the  p rede tec t ion  s igna l - to -no i se  r a t i o .  This expression is v a l i d  f o r  SNR > 4. 

Values of f 

n r 

f o r  the FPS-16 range between 160 and 1700 pps. r 
The servo e r r o r  f o r  the  RAM-C t r a j e c t o r y  has been evaluated f o r  var ious servo 

0 bandwidths, and w a s  found t o  reach a maximum value i n  azimuth of .01 f o r  K = 230. 

For the FPS-16, the corresponding servo bandwidth i s  about 5 cps. Using t h i s  band- 

width,  and assuming a SNR of 20 db and p . r . f .  of 160 gives  a thermal noise  e r r o r  of 

.O08So nus .  

V 

Thus f o r  beacon t racking a t  s u f f i c i e n t l y  wide  servo bandwidths, i t  appears s a f e  

t o  assume t h a t  the t o t a l  ( f ixed and v a r i a b l e )  t racking e r r o r s  of the  FPS-16 w i l l  

remain less than . O l  f o r  both systematic and r m s  random e r r o r s ,  o r  a t  values  neg- 

l i g i b l e  i n  comparison t o  the expected s l av ing  e r r o r .  

0 
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7.6.2 A A 1  SOURCE 

E 1  566 - Attachment #3 .,.. 

SLAVE 
X BAXD 

TLX 
SLAVE 

IO!i'IT HILL 
6 

SLAVE 
VERLORT 

02 
* /  

A A l  
SOURCE 

AZ 2 
15" 
x 
- 45 O 

60" 

- 75" 
- 90 O 

- 

1200 

- 135" 
- 

. - 150" 

165" - 
180 o 
7 

- 195" 
210° - 
2250 - 
240 O 

- 255" 
2700 
2850 

- 

- 
- 

a 

, /  
d 
0 

0 

-e 3 
0 

25 
* /  

0 
0 
6 

- 1  
0 

.I 
* 2  
.2 -- 8 2  - 
. 2  

.2 

. 2  

.2 
* 2  
.2 
-2 

.2. 

A 
-2 
02 

-2 
0 %  

b z  

- 

.I 
0 2  

* 05 
0 %  

0 

d 

& 
6 25  

'0 
0 

- 8  

0 
b 

0 5 
0 

- I  

0 ,I EL Oo 
1 5  O 

- 30 O 

60 O 

- 
- 4s O 

- 75" 

90" 

- 

a 

F i g .  D-2 .  Data sheet from s t a t i c  s lav ing  test-angles 
are i n  degrees. 
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APPENDIX E. ANTENNA (X-BAND TELEMETRY) PATTERN ANALYSIS 

' Pattern lit Azimuth Roll 

I 0 5 6 5 360 9O 

I1 0 5 6 <, 360 18O 

I11 0 <, 6 5 360 2 7O 

The preliminary X-band telemetry antenna patterns have been subjected to a 
smoothing analysis to investigate the effect of body motion through the trajectory 

on the telemetry receiver AGC voltage. 

The patterns obtained from Langley Personnel consisted of 5 azimuth cuts at 
various roll angles and 1 roll cut at normal (broadside) incidence. These are 

sumnarized in Table E-1. 

Table E-1. Summary of X-band telemetry antenna patterns. 

I IV 
o 5 e 1. 360 36O I 

I v  o 1. e 5 360 45O I 
I VI 
I 

9 oo 

The patterns were stated to be accurate to one db in gain and 3 degrees in aspect. 

The patterns indicate sharp nulls in the quad-horn interference regions and are 

relatively smooth in the area of maximum gain. It is thus desirable to smooth 
heavily in a sense which will indicate the response of the AGC loop to a change in 

aspect through the interference lobing structure. 
Further, the Scout vehicle slowly spins through the trajectory an approximate 

180 RPM rate. 
modulating the telemetry signal amplitude. 

performed to determine the maxim, minimum and average antenna gain through the 
miss ion. 

For the quad-horn configuration, this produces a 12 cps signature 
A roll variation analysis has been 

The technique used in smoothing the patterns was that of "median value" and is 

typically used in sensor detection models where it is critical that a fluctuating 

target be descriminated against by means of a thresholding device. The median value 
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is defined at that value of gain, or cross section, etc. which is exceeded exactly 
50% of the time as viewed over some uncertainty range of aspect. A s  an illustrative 

example, consider the hypothetical gain vs aspect function shown in the figure be- 
low. 

Gain 

Uncertainty In te rva 1 
Aspect 

Fig. E-1. Hypothetical gain vs aspect function. 

It is obvious that if a detection criterion were set at the median value, exactly 

50% of the time the signal would exceed this value. Note that the value is independent 

of the instantaneous amplitude of the gain function and gives a value of gain or 
cross section which is indicative of the "detection time" dependence specified by 

Marcum [ 3 9 ] ,  et al. 
The smoothing interval selected in the computation of median value is generally 

a result of the a-priori uncertainty in aspect. In the case of the Scout mission, 

this is relatively small as compared with the variation in pattern gain due to the 

receiver AGC loop response time and roll rate. The AGC time constant is approximate- 
ly 16.8 ms. With a roll variation of 3 RPS (1080 /sec) this corresponds to a max- 

imum angular dispersion of 1080 /sec x .0168 sec or 18 . For convenience, and also 
to minimize the effect of position uncertainty in pattern measurement, the patterns 
were smoothed in azimuth initially and the peak, average and minimum median values 

cross (or contour) plotted as a function of roll for various aspect angles. 

0 

0 0 

The results of this smoothed computation are shown in Fig. E - 2 .  
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. 
APPENDIX F. SINGLE LOOK PROBABILITY OF DETECTION 

FOR A FLUCTUATING TARGET 

The probability of detection P of a signal in noise is determined by integrat- D 
ing the density function for signal-plus-noise above the threshold established by 

the false alarm probability. That is, 

where the limit of integration "bb" is the threshold value and is determined by 
solving 

b 

for b, given the probability of false alarm P 
(assuming nearly normal density functions) in Fig. F-1. 

This may be shown graphically FA' 

- 
b X 0 

Fig. F-1. Threshold effect. 

This yields a value of detection probability for a non-fluctuating target immersed 
in a noise environment. If the target is known to fluctuate and a density function 

is associated with these fluctuations then the density function o f  signal power be- 
comes [ 4 0 ] ,  

s - -  - 
P(s) = y ' e  s (F-3 1 

s 

- 
where s represents the average signal power. This is the oft termed "Rayleigh" 
distribution for a fading signal. 
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The average probability of detection may thus be calculated over a multiplicity 

of observations as I 

- 
pD = .fP,(x,s) P(s) ds (F-4) 

that is, each detection probability is "weighted" by its probability of occurrence. 

Assuming a normally distributed signal-plus-noise (the central limit theorem implies 

a normal distribution for an integrated video signal), the expression for average 
probability of detection becomes [l]: 

where K is a factor yielding probability of detection dependence on false alarm pro- 
bability and number of samples (pulses). K is defined [ 4 0 ]  as 

where b/2N is the bias level relative to the noise power and n is the number of 
pulses integrated. Fig. F-2 shows K as a function of the number of pulses and false 
alarm number (reciprocal of the probability of false alarm). 

coverage search radars it is generally chosen in excess of lo6 so as to reduce the 
time wasted in evaluating false alarms. For a narrow sector search case where the 

a-priori information about the target minimizes this distraction, the false alarm 

number may be reduced considerably without affecting performance. The value selected 
for the acquisition study was 10 . 

The choice of false alarm number depends on the radar function [6 ] .  For wide 

4 

It should be observed that the single look detection probability is clearly a 
conditional probability. That is, it is the probability that the target may be de- 

tected given that the target is in the elemental volume being interrogated (the 
target is in the beam). Section 111 describes how this probability is associated with 
the probability of  being in the beam to form a true acquisition probability. 

A computer program has been written t o  compute this single look probability 

of detection. 
included. 
radar configurations and one telemetry case. 

video integration of 30, 100, and 300 pulses are shown as a function of time in 

Tables I thru 111 respectively. Table IV shows the telemetry case averaged over a 
detection time corresponding to reception of 30 pulses. 

The computation is straightforward and a program description is not 

The single look detection probabilities have been computed for three 

The radar cases which correspond to 

Also shown for each case is 
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the integrated video signal-to-noise ratio. The parameters associated with each 

system for these cases are: 

Transmitted Power 
(peak) 

Antenna Gain 

Repetition Rate 

Noise Figure 

Pulses Integrated 

Frequency 

Antenna Temp. 

Band Width 

Losses 

2Mw 400 W 

36.5 db 
625 PPS 

8 db 

30,100, 300 

1300 MC 

75OC 

.5 MC 

2 . 2  db 

55 db 
1800 PPS 

5 db 

30 (effective) 

9210 MC 

5OoC 

2 MC 

1.18 db 
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l n m  
141.0 
142.0 
143.0 
144.0 
145. 0 
14b.O 
147.0 
141.0 
1w.o 
151.0 
151.0 
152.0 
153.0 
154.0 
155.0 
156.0 
157.0 

15P.O 
160.0 
1b1.0 
162.0 
3.63.0 
164.0 
165.0 
1b6.0 
167.0 
168.0 
1bP.O 
170.0 
171.0 
171.0 
173.0 
174.0 
175.0 
176.0 
177.0 
170.0 
179.0 
180.0 
181.0 
182.0 
183.0 
1 8 4 . 0  
185.0 
18b.O 
187.0 

llQ.0 
1PO.U 
1P1.0 
192.0 
1.03.0 
194.0 
1P5.0 
lV6.0 
lP7.0 
lVO.0 
lYP.0 
200.0 
201.0 
202.0 
203.0 
20e.o 
205.0 
206.0 
207.0 
209.0 
20P.0 
210.0 
211.0 
212.0 
213.0 
214.u 
215.0 
216.U 
217.0 
210.0 
21P.O 
220.0 
221.0 
222.0 
223.0 
224.0 
225.0 
22b.O 
227.9 
221.0 
22e.o 
230.0 

i5a.o 

i8a.o 

231.U 
232.0 

iii6ii3.9 
331191P.P 
3304559.1 
32P7223.8 
328P679.8 
32823PP.8 
3274VlP.8 
3267623.9 
3200311.8 
3252P5P.0 
324555P. P 
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APPENDIX G. SCANNING TECHNIQUES AND PARAMETERS 

A. GENERAL 

In this section, the scanning capabilities of the Langley 30' dish are con- 
sidered, and important scan parameters (i.e., frame times and dwell times) derived. 
The scan types considered are sketched in Fig. G-1. 

The minimun time for searching a given angular area is limited by the maximum 
allowable velocities and accelerations of the system. 

slower scans desirable, but system limits m s t  first be analyzed to determine the 

minimum possible search times. 

Other factors may make 

According to the system specifications, the antenna system must be capable 
of tracking targets with angular velocities and accelerations as follows: 

Elevation Azimuth 

velocity sO/sec 1O0/sec 
acceleration 30/sec~ 60/sec2 

Although the specifications are given for the tracking mode, it is assumed that they 

are also applicable to the remote mode of operation. 

With these constraints, the minimum times €or various scanning techniques are 

determined approximately in the following. 

B. CIRCULAR SCAN 

For the circular scan, the elevation and azinuc'n coordinates as a r'unction of 
time are 

At3 = R sin o t 
C 

fie = R COS o t 
C 

where 46, 4 p  are the azimuth and elevation scan angles, R is the radius of the scan 
in degrees,and o is the scan radian frequency. The time required for one scan is 

C 

2a t = -  
FC Oc 

and the average dwell time is approximately n/hc. 
this case by the elevation acceleration to 1.73 R . Numerically, the minimum scan 
time is, for R in degrees, 

The maxi- 03 is limited in 
C -5 

ss 3.62 JR seconds FC min t (6-3) 
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Fig.  G- 1.  Scanning techniques. 
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For the case when 2R is one X-band beamwidth (.25O); l+ = 1.3 secs. 

searched in this case is .196 square degrees per scan, and the average dwell time 

is roughly .23 secs. 

The area 
C 

c .  SPIRAL SCAN 

For a typical spiral scan, the coordinate motion should be 

sin o t mSt m = - 2r s 

for n/uS < t < 2nR (one frame) (6-4) 
S 

cos w t mst 4%- 2a S 

where 0 is the antenna beamwidth, and R is the maxinnun radius attained by the beam 
center. 
the initial position (49 = 0 ;  4 = -012) by either rescanning the area or by a fly- 

back scheme. 

When t reaches the time of maximum radius, the spiral is brought back to 

While it is possible for certain implementations to vary the frequency LU with 
8 

scan radius, an estimate of the frame time is obtained by assuming a less complex 

system in which the frequency u) is constant. For this case, the time required to 

cover the area is limited by the elevation acceleration, and is given approximately 
s 

by 

R3 i 2  
t = 3.62 - - 1.81 R 3 secs R = no, n = 2, 3, .... FS 0 

2 
The area coverage is approximately a R deg2, and the average dwell time may be 

estimated as 
n 

t 0' 

DS R2 

FS t =  

(G-5) 

D. RASTERSCAN 

The type of raster scan that will be evaluated is that using a "Lissajous" type 

scan, with coordinate motions given by 

& = A  s i n m a t  
cp s 

40 = A B  sin n 0 t m/n or n/m 5 integer 
S 



The cases m = 1; n = 2 ,  3 . . . . will be considered first. The value of n should then , 

be selected such that 

(G-8) 11 n =  -1 0 

cp 

sin (r) 

where e is the antenna beamwidth. 
unscanned spaces. 

This choice of n provides some overlap and no 

The area covered by the scan is roughly 

(G-9) 
2 Area = [2Ae + 01 [ZAq + 01 deg 

The frame time is (for one coverage of area) 

tFR = a h s  (G-10) 

and the average dwell time is 

(G-11) 

0 2  The maximum cu 
minimum frame time is 

is limited by the maximum azimuth acceleration of 6 /sec , thus the s 

t = 1.28 nJAe secs 
FRmin 

In terms of the area covered, the minimum frame time 

% n Area 
z5 2.07 - FR min 0 t 

( m =  1) 

is 

secs 

For the case where the faster scan is on the elevation channel (n = l), the 
minimum frame time is 

t + 1.61 m ./;P secs 
F R  min cp 

(n = 1) 

(G-12) 

(G-13) 

(G-14) 

The difference is due to the greater acceleration available in the azimuth servo. 
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Fig. H-4. Wiring diagram showing connections between the receiver and the 
modification circuits .  
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E. SINGLE AXIS SCANS (SECTOR) 
For no scan along one coordinate, and sinusoidal motion in the other coordinate, 

the minimum frame time is limited by the allowable acceleration and is, for eleva- 

tion and azimuth, 

tps = 3.62JA secs (elevation) 
cp 

tpS = 2.56 JAe secs (azirrmth) 

where A is the peak amplitude of the scan. The area coverage is approximately 

Area =S 0 (2A + 0) deg2 

The average dwell time is given by 

(6-15) 

(G-16) 

- 146- 



APPENDIX H. RECEIVER MDDIFICATIONS - CIRCUIT DIAGRAMS 
AND ALIGNMENT PROCEDURE 

A. MDDULE MlDIFICATIONS 
1. Polarization Switching Detector, A400 
Four Amphenol connectors type 5116-058350 were added and labeled J3A, J3B, J4A, 

and J4B as shown in Fig. H-1. 

connectors were removed. 

Internal connections between the positions of these 

Module A400 can be restored to its original configuration by placing jumpers 
between J3A and J3B and between J4A and J4B. 

2. Error Detector, All00 
Four Amphenol connectors type 5116-058350 were added and labeled JIA, JLB, J1C 

and J1D as shown in Fig. H-2. The internal connections which would have made these 
connectors electrically c o m n  were removed except J1B remains c o m n  to J1D. 

Module AllOO can be restored to its 

between J U  and J1B and between J1C and 

3. Error Detector, A1200 
Same as error detector AllOO except 

of J U ,  JlB, JlC, and JlD, respectively 

4. AGC and AGC Demodulator, A1300 

original configuration by placing jumpers 

J1D. 

labels are J2A, J2B, J2C, and 520 instead 

Two Amphenol connectors type 5116-059350 were added to the AGC demodulator por- 

tion and labeled J5A and J5B as shown in Fig. H-3. The internal connection between 
the positions of these coiinectors ZZS ~-ezP?ed- 

Module A1300 can be restored to its original configuration by placing a jumper 
between J5A and J5B. 

B. CONNECTIONS To MDDIFICATION CIRCUITS 
A wiring diagram showing connections between the receiver and the modification 

circuits is shown in Fig. H-4. 
Cables between the modules and the modification circuit chassis are RG178B/U 

with Amphenol 5116-037475 Subminax connectors on both ends. 

nals in the chassis are Amphenol 5116-058350. 

Corresponding termi- 

Amphenol miniature connectors type 126-218 have been installed in both the 

receiver console chassis and the modification chassis to provide +15 v and -15 v 

DC to the modification circuits. The connecting cable is 20 AWG, 3 conductor, 
shielded (Belden 8403-50) with Amphenol 126-217 connectors on both ends. 

All inputs, outputs, and supply voltages are routed through a 12 pole, 2 posi- 

tion, 6 section switch (Centralab type Pa-2037) in the modification circuit chassis. 
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C .  MODIFICATION C I R C U I T  CARDS 

The th ree  modif icat ion c i r c u i t s  used a r e  shown i n  Figs .  H-5, H-6, and H-7. These 

c i r c u i t s  a r e  bas i ca l ly  the same, having two s t ages  of ampl i f i ca t ion  followed by an  

emi t t e r  follower and d e t e c t o r  b u t  d i f f e r i n g  somewhat i n  gain.  The e r r o r  de t ec to r  

modi f ica t ion  c i r c u i t  appears most d i f f e r e n t  because i t  must provide ampl i f i ca t ion  

and de tec t ion  of both p o l a r i t y  pulses  while  the o the r s  need opera te  only on negat ive 

ones. 

A s  noted previously,  the d e t e c t o r  c i r c u i t  t i m e  constans are o f  major concern. 

I n  the  c i r c u i t s  of Figs .  H-5 and H-6, these  have been chosen t o  be small compared 

wi th  the 1.87 second RC feedback c i r c u i t  time cons tan ts  used i n  modules A400 and 

A1300. I n  t h e  c i r c u i t  of Fig.  H-7, the  time cons tan t  was chosen t o  g ive  a bandwidth 

g r e a t e r  than 25 Hz, which i s  much g r e a t e r  than the  servo bandwidth. 

D. ALIGNMENT PROCEDURE 

1. Complete the  CW Alignment Procedure Given i n  the Receiver Operation 

2. AGC Adjustment 

Manual 

a. Place a "T" i n  the l i n e  between 52 of  module A1300 and 53 of module 

A800. 

b. Connect the v e r t i c a l  input  of an osc i l l o scope  with a 30 MHz o r  g r e a t e r  

passband t o  t h i s  po in t .  

c.  S e t  the modif icat ion c h a s s i s  switch t o  "PULSE". 

d. Connect a pu l se  source of less than -120 dbm (average) t o  the th ree  

hor izonta l  (or  ve r t i ca l )  inputs  us ing  cab le s  of equal  length.  

e.  On the console f r o n t  pane l ,  t u rn  the p o l a r i t y  swi tch  t o  HOR (o r  

VERT i f  v e r t i c a l  i npu t s  are used) and se t  the  BW switch a t  10 Mc.  

f .  Turn the  AGC switch t o  MAN and s e t  the  vo l t age  t o  one v o l t  wi th  

the  MANUAL GAIN CONTROL. 

g. Increase the input  level  t o  about -75 dbm (average). 

h. Turn the  AFC switch t o  MAN and a d j u s t  the MANUAL FREQ CONTROL U n t i l  

the  e r r o r  vo l t age  meters  peak. 

ad jus t  the console phase s h i f t e r s .  If s t i l l  no s i g n a l  appears  a d j u s t  

the  source W frequency and cont inue MANUAL FREQ CONTROL adjustment) .  

( I f  no s i g n a l  vo l tage  is  noted,  

i. Reduce the input  s i g n a l  t o  about -120 dbm. 

j .  Slowly increase  the input  s i g n a l  while  watching the RF pu l se  on the 

scope. Stop as soon as s igns  of s a t u r a t i o n  occur. 

k. Turn the AGC con t ro l  swi tch  t o  AUTO and a d j u s t  the  ga in  of  the AGC 

modif icat ion c i r c u i t ,  ca rd  #5, t o  ob ta in  a one v o l t  read ing  on the AGC 

panel meter. (Gain inc reases  i n  a counterclock-wise d i r e c t i o n . )  
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m. Slowly decrease the input  s i g n a l  l e v e l  and note  the  po in t  where AGC 

"dropout" is  evidenced on the panel  meter; t h i s  is  the b a s i c  threshold 

of the r ece ive r .  

-125 dbm, s l i g h t l y  decrease the card #5 gain u n t i l  i t  does. 

slowly increase  the s i g n a l  and note  on the osc i l loscope  whether ex- 

cess ive  s a t u r a t i o n  occurs  before  the AGC "pulls-in".  ) Note: Fa i lu re  

i n  making the  required AGC adjustments i nd ica t e s  one o r  more of the 

( I f  dropout does not occur f o r  s i g n a l s  below about 

Then 

following: 

(1)  

( 2 )  

source o r  l o c a l  o s c i l l a t o r  has d r i f t e d  of f  frequency, 

a loose connection has occurred o r  ex t r a  noise  has been 

introduced t o  the  c i r c u i t )  

(3)  of I F  ampl i f i e r  A700 needs readjustment.  F i r s t  a d j u s t  

R83 to  co r rec t  the  problem. I f  s t i l l  unsuccessful ,  

ad j us t R4 1. 

3. Error  Detector Adiustment 

a. 

b. 

C .  

d. 

e.  

f .  

g. 

h. 

i. 

j .  

k. 

Af te r  success fu l ly  completing the AGC adjustments,  remove the 'IT" and 

osci l loscope from the  rece iver  console.  

Se t  the console BW switch t o  10 Mc and the AGC switch t o  AUTO. 

Increase the input  s i g n a l  u n t i l  about 1.5 v o l t s  appears on the AGC 

panel meter. 

Adjust both console phase s h i f t e r s  and the MANUAL FREQ CONTROL t o  

obtain peaks on the two panel  e r r o r  meters.  

Turn the gain con t ro l s  on cards  1 and 2 about 25 turns  counterclock- 

wise. 

Adjust R41 on modules A500 and A900 t o  ob ta in  a t  l e a s t  8 v o l t s  on 

the EL ERROR and A2 ERROR panel meters ,  r e spec t ive ly .  

Reduce the input  s i g n a l  l e v e l  t o  the po in t  where the  AGC j u s t  drops 

out .  

Turn the AGC switch t o  MAN and manually s e t  the  AGC vol tage  to  zero 

as shown on the panel  meter. 
Disconnect the  cable  from 53 of module A l O O O  and connect a device 

capable of i nd ica t ing  the  amplitude of the 30 MHz pulsed s i g n a l  such 

as an HP 85lA spectrum analyzer .  

Short  ou t  TP6 on module A500 and record the output  amplitude a t  53 
of module A1000. 

Repeat s t eps  ( i )  and (1)  using module A800 ins tead  of A1000 and A700 

instead of A500. 

(Load with 50 ohms i f  necessary.)  
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m. Manually increase the AGC vo l t age  t o  4 v o l t s  and record the  

(Increase the  input  output  amplitude a t  53 of module A800. 

amplitude i f  necessary to  ob ta in  a reading.)  

Repeat s t e p s  (i) and ( j) .  

Adjust  R39 of module A500 t o  ob ta in  the  following r e l a t i o n s h i p  

f o r  outputs  i n  db: 

n. 

p. 

(mod. A800 output  a t  zero AGC) - (mod. A l O O O  output  a t  

zero AGC) 

= (mod. A800 output  a t  4v AGC) - (mod. AlOOO output a t  

4v AGC) 
o r  

( s t e p  (k) reading) - ( s tep  ( j )  reading)  

= ( s t e p  (m) reading)  - ( s t e p  (p)  reading a f t e r  a d j u s t i n g  R39). 

q. Repeat t h e  previous s t e p s  a t  var ious AGC s e t t i n g s  b u t  without 

sho r t ing  TP6 on e i t h e r  module. Adjust  R80 and R83 on module A500 

t o  ob ta in  AGC c h a r a c t e r i s t i c s  of the two channels t h a t  "track" as 

c l o s e l y  as poss ib l e .  

zero and one v o l t .  

and 4 vo l t s . )  

(Adjust R83 only a t  AGC vo l t ages  between 

Adjust R80 only a t  AGC vol tages  between 3.5 

r. Place the AGC switch back on AUTO and r epea t  s t e p s  (g) through (9) 

with module A600 ins t ead  of A l O O O  and A900 instead of A500. 

s. Return a l l  console wiring t o  i t s  o r i g i n a l  configurat ion.  

t. S e t  t h e  AGC switch to  AUTO and increase the input  s i g n a l  u n t i l  

about 3 v o l t s  of AGC vol tage show on the panel meter. 

u. Peak the  e r r o r  meter readings with t h e  console phase s h i f t e r s  and 

the  manual AFC cont ro l .  I f  e i t h e r  is less than 8v i n  absolute  mag- 

n i tude ,  s l i g h t  changes may be  made i n  R41 of modules A500 and A900 f o r  

EL ERROR and A2 ERROR, respect ively.  Similar  changes i n  R39 may 

be used i f  necessary. 

Vary the ga in  cont ro ls  of cards  1 and 2 t o  make the readings of the  

two e r r o r  meters as c lose  as possible .  (These g a i n . c o n t r o l s  permit 

adjustment only over about a one v o l t  range.) 

v. 

4. P o l a r i t y  Switching AGC Adjustment 

a. This adjustment i s  made with TDA's i n  c i r c u i t  and connections made 

from mixers t o  two sum inputs with 4 db a t t enua t ion  between mixers 

and sum inputs .  

Connect a s i g n a l  source s e t  a t  zero zmplitude t o  d e l i v e r  equal 

power t o  both TDA's. 
b. 

l -  
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C. 

d. 

e .  

f .  

g. 

h. 

j .  

k.  

Connect a DC VTVM to  TP 2 on module A400. 

Increase ga in  of card #3 u n t i l  a negat ive vol tage appears on the 

VTVM (caused by noise) .  Then reduce the gain of card #3 u n t i l  the  

VTVMvoltage i s  approximately +1 v o l t .  

d i r e c t i o n . )  

Increase the input  s igna l  level u n t i l  the VTVM reads zero v o l t s .  

Connect VTVM to TP 9 of module A400. 

Adjust gain of card #4 u n t i l  VTVM reads zero v o l t s .  

TP 2 should be a t  zero v o l t s  now.) 

Connect VTVM to  TP 4 (AGC) of module A400. 

Increase the input  s i g n a l  u n t i l  VTVM reads about -2 v o l t s .  TP 6 

vol tage should read -2v a l so .  I f  no t ,  r ead jus t  the ga in  of card 

#4 t o  ob ta in  equal vo l tage  on TP 6. 

A t  t h i s  po in t ,  4 db of a t t enua t ion  i n  one channel should cause 

automatic switching to  the o the r .  I t  may be poss ib l e  t o  increase  

the switching d e t e c t o r ' s  s e n s i t i v i t y  now by decreasing the input  

s igna l  and increas ing  the  c i r c u i t  ca rds '  ga ins  accordingly,  keeping 

thembalanced. Also,  a f i n e r  balance t o  cause switching on a 3 db 

d i f fe rence  r a t h e r  than the  4 db may be poss ib le .  The threshold of 

switching s e n s i t i v i t y  should be about where the r ece ive r ' s  AGC j u s t  

p u l l s  - in .  

(Gain increases  i n  ccw 

(Both TP 9 and 

E. OPERATIONAL CHARACTERISTICS 

The threshold of AGC opera t ion  on a 9.21 GHz c a r r i e r  pulsed a t  1800 pps with one 

microsecond pulse  widths should be a t  -120 dbm average power i n t o  the TDA's; 4 db 

loss i s  allowed f o r  cables  between the pedes t a l  and console.  

A s  the input  s i g n a l  i s  slowly increased from threshold the e r r o r  vo l tages  w i l l  

r ap id ly  increase  t o  a peak a t  about 0 . 7 ~  AGC. They w i l l  then decrease u n t i l  about 

1 . 0 ~  AGC is  reached. Fur ther  increase  i n  s i g n a l  l e v e l  w i l l  then cause only minor 

decrease i n  error vol tage.  This a c t i o n  may be explained as follows: 

(1 )  Pr ior  t o  AGC threshold the noise  reaching the  de t ec to r s  a t  the  e r r o r  

de tec tor  c i r c u i t - c a r d  outputs  i s  somewhat l a r g e r  than the s igna l .  

I n  fact ,  the  noise  back b i a ses  both de t ec to r  diodes and prevents  the 

s igna l  from having e f f e c t .  The panel  meters read nea r ly  zero 

because the p o s i t i v e  and negat ive DC vol tages  due t o  noise  near ly  

cancel a t  the ca rds '  outputs .  

Short ly  a f t e r  threshold the back b i a s  due t o  noise  is  g r e a t l y  de- 

creased because i t  v a r i e s  as the square of t he  I.F. ampl i f i e r  gain.  
(2)  
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Although the s i g n a l  vo l tage  become s l i g h t l y  reduced a t  threshold ,  i t  can a f f e c t  the 

output  because of the r e l i e f  i n  back b i a s .  

(3) The e r r o r  vo l tage  indicated f o r  small AGC vol tages  i s  therefore  

due t o  the combined s igna l  and noise  power. A s  the AGC vol tage  

is f u r t h e r  increased by the increas ing  input  s i g n a l ,  the  e r r o r  

signal is  held cons tan t  while the noise  f u r t h e r  decreases  u n t i l  

i t  has  neg l ig ib l e  e f f e c t  a f t e r  about 1 . 0 ~  AGC. 
which, of course,  i s  unique to pulse  operat ion w i l l  have no e f f e c t  

during the  scheduled mission and most o the r  app l i ca t ions  because 

opera t ion  w i l l  seldom be near  threshold.  

This c h a r a c t e r i s t i c  

The ga in  through the  e r r o r  de tec tor  c i r c u i t s  i s  not expected t o  be exac t ly  the 

same f o r  pulsed inputs  as f o r  CW. However i t  w i l l  be c lose  enough so t h a t  adjustment 

of the  AC ampl i f i e r  gain by R35  i n  modules All00 and A1200 w i l l  g ive the des i red  

r e s u l t s .  Due t o  the  changing gain a t  threshold ,  these  adjustments should be made 

when a t  least 1.5 v o l t s  AGC i s  being developed. 

The o the r  c h a r a c t e r i s i c s  of pu lse  opera t ion  are the same as f o r  CW. 
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APPENDIX I. SIGNIFICANT COMPUTER PROGRAMS 

A. INTRODUCTION 
During the study, two significant tools were developed to implement the com- 

putational apsects of the task. These tools, programs ''ALPHA" and "TRAJAN" are 

quite similar in the respect that they both depend on the logical formulation of a 

coordinate transformation over a non-spherical earth model. 

scribed in detail in this section. 
These programs are de- 

PROGRAM "ALPHA" 

"ALPHA" computes the radar (or telemetry) aspect angle given inputs of 

tracking station location (earth reference) 

vehicle location (earth reference) 

vehicle orientation (local earth reference) 

"ALPHA" is also employed to produce the predicted radar coordinates (R,@,(p) as well 

as the horizontal and vertical components of the received "E" field vector. 
"ALPHA" is written in Fortran I1 for the Bunker-Ram0 340 digital computer. 

Program 

The program assigns a unit vector along the vehicle longitudinal axis in a local 
horizontal (geodetic referenced) coordinate system. 

an earth centered coordinate system and then out to the local horizontal (geodetic 
referenced) system at the radar site by means of subroutim ROTAT. 

light is computed to the vehicle spatial position by means of subroutine TRANS and 
a unit vector assigned to the line-of-sight orientation. Tne aspect azigle 5s c ~ m -  

puted as the angle between these two unit vectors. 

shown in Fig. 1-1. The required input data is defined in Table 1-1. Appendices I 
and 11 show the input format and program listing respectively. 

be observed by referring to Appendix J. 

This vector is translated into 

The line-of- 

A simplified block diagram is 

The data output may 

Although a formal error analysis has not been performed, preliminary data in- 
0 dicate the error in computed aspect angle to be less than .1 

the Wallops Island - Bernuda Range. 
rotating a geocentric (re: 
vector through a geodetic transformation. 
latitude is also evidenced in incorrect computation of the components of the earth's 

radius vector and in establishment of the transformation matrices. The error, 
however, is quite small (the two latitudes differ by a maximum of 12 min of arc at 

for trajectories over 

An obvious error contribution is the result of 
LTV Preflight Trajectory) referenced longitudinal axis 

The effect of using the wrong variety of 
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45O latitude and zero at the poles and equator). 
computation enters as the difference between the two lengths and the coordinate 

rotation is into and out of the earth centered system. Thus, all error sources enter 

the computation twice in a contradictory sense. The overall effect (although dif- 
ficult to accurately predict) is thus quite small in comparison to not knowing the 

input data to a high accuracy and the general loss of significance in co-ordinate 
transformation. If the lattitudes of the vehicle and radar do not differ greatly 

the results are valid. 
without modification could introduce considerable uncertainty in the results. 

Also the earth's radius vector 

The use of the program in long range satellite problems 

PROGRAM "TRA JAN" 

Computer program "TRAJAN" has been prepared to implement the trajectory analysis. 
This program has a general flexibility over the Wallops Island-Bermuda Range in that 

a built-in coordinate transformation capability allows data taken from one radar site 

to be compared to data taken from any other site. 
determined to be sufficient €or analysis of Scout sub-orbital flights. A simplified 

logic diagram is shown in Fig. 1-2. A program listing is shown in Appendix 111. 

The program accuracy has been 

Co-ordinate Transformation 

The Co-ordinate Transformation is easily handled by putting the R, 8 ,  cp com- 

ponents of the slant range vector into an i, j, k system oriented to the local 
geodetic horizontal. This i,, j-, k, system is then rotated through the transfor- 

mation matrix 
I 

R 1: 
z1 

L L  

= Long. L bat] 

R -11 R 

pkl 

into an earth-centered Cartesian system. 
radius vector at various latitudes, the slant range vector is solved in the earth 
centered system according to the vector relation, 

To account for differences in the earth's 

- 
R1 -I- Eel c2 + ce2 
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Input  - Inpu t  - Inpu t  - 
Vehicle  S p a t i a 1  L.t/Lm&.rth'. bdiu., Vehicle  A l t i t u d e  

For Vehicle and Fadar  

t 
s u b r u l t i n e  

Ir.n.l.tc Bod" S e t  up C m r d l n a t c  C o p u t e  8.d.r 
T r * n # f o r u t l a n  Line-of-Sishf 

. 
a p u t e  c o p o n e n t  

of L i n e - o f 4 1  hf 
in Rad.= Lma? I 
Coordinate  System 

Fig .  1-1. Simpl i f ied  l o g i c  diagram for "AIgHA." 

Table 1-1. Alpha Inpvr Var i sb le r  

Q2 - l m g l t u d e  of radar  tracking s t a t i o n  I n  degrees .  poslrlvr 
Yest  f r m  Greenrich 

GD2 - latitude of r ada r  tracking #Lafirm i n  degree.. p O 8 i t i Y e  
i n  no r the rn  haiaphcre  f r m  eqwtor 

RE2 - l eng th  of earth'@ n d i u s  vector a t  r ada r  s t a t i m  plus 
a l t i t u d e  of station above mean npheroid in feet 

n - a m b e r  of vehicle position. LO be considered 

TI- - elapsed tlme i n  scconds frDp l i f t o f f  

PSI - heading of Vehicle Imgicud1n.l l x i m  i n  degrees  measured 
c lockv i se  fr-O north on stodetic h o r i l m t a l  plane 

N T  - v e h i c l e  a l t i t u d e  above t h e  L . n  spheroid in  f e e t  

Q l  - l m g l r d e  of vehicle  i n  degrees ,  po.Itise W e t  f r o .  Green- 
wich 

dD1 - l a t i t u d e  of  vehicle  in de t r ees .  p O . l t l V c  in nor the rn  
h a i a p b e c c  
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or for more accurate results 

where the vectors are shown in Fig. 1-3. 

The new vector E, is rotated from the earth centered system to a local horizon- 
L 

tal system (i,, j,, k,) by the transformation matrix 
L L L  

T T 
- -  
R 
x2 

y2 

z2 

R 

R 
- -  

The curvalinear radar co-ordinates at the new site m y  be solved 

trigonometry. 

Statistical Analysis 

for using simple 

The statistical analysis portion of the trajectory program is straightforward 

with one exception. 

timated as a function of time. 
size so as to prohibit the time dependence from entering the calculation. 

size of 10 has been chosen. This sample interval is then allowed to slide along 
the trajectory and generate a statistical envelope as a function of time. While 

not a typical method of analysis for dealing with a time varying process, it rep- 

resents a sufficient method for obtaining a reasonably good error envelope with a 
minimum of data analysis. 

would represent a vast undertaking due to the data reduction required.) 

The simple statistics (mean and standard deviation) are es- 

To do this it is necessary to achieve a small sample 
A sample 

(The computation of a true set of ensemble statistics 
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Fig. 1-2. Trajectory analysis logic diagram. 

Fig. 1-3. Geometry for coordinate transformation. 
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P R O W  “ALPHA“ 

C PHDZRAN IO COUPUTE ASPECT ANGLE V S .  T I M E  F H O I  dOOY *OTIDN D A T A  
C 
C THIS PRDGHAH ASSIGNS UNIT VECTORS ID THE Sr’ATIAL DRIENT- 
C A T l o Y  OF THE MISSILE LONGITUDINAL A X 1 5  A Y D  Tl4E R A D A R  
C LIME-OF-SIGHT. THE ASPfCT ANGLE IS COMPUTED 4 s  THE ANGLE 
C BETMEEN THESE T U 0  U N I T  V E C T O R S .  
C 

D I N ( E N S I 0 N  A ~ 5 ~ 3 ) . 8 ~ 3 ~ 3 ) ~ A 1 ( 3 ~ 3 ) ~ B 1 ~ 3 ~ 3 ) . C l l 3 ~ 3 ) . C ~ 3 ~ 3 ~ ~ D E L T A l 3 1  
1 READ 2.YZ.GDZ.YE2.N 
2 fOR~AIlZF11.5rf14.2r13~ 

U2=02*.0174533 
GO2=602*.0174533 
DO 335 K=l.k 
R F A n  Ann.TlNE.PSI.THET.AL~.Ol.GD1.RADV 

GDl=GD1*.0174533 
Ol=Ul*.0174533 
RE1 r HADY-ALT 

1 . 2 F P . 3 . F 1 1 . 1 . 2 F I 0 . 5 . F 1 2 . 1 )  

c 

C 
C SET UP NATRICES T O  T R A N S F O R M  COORDINATE S Y S I E ! l S  

30 T E N P l = S I N  101) 
TEWP2-COS (U1) 
T i N = 3 = S I Y  (U2) 
TtwP4rC0S (U2) 
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POLVFK I S  A SUUROUTINF Y M l C U  COMPUTFS T Y F  H O a l l O N T  AL AND VERT1 CAL 

69 7 0  

7 1  PWI N T  7 2 .  T IME.ALPHA;RANG3,PHI 2.  THET2.  TEVEK TI(VEK 
7 2  F O R ~ A T ~ 4 X ~ F 5 . 0 ~ 3 X ~ F 7 , O ~ 3 X ~ F l O . l ~ 2 F 9 . 3 X ~ F 5 ~ 2 ~ ~ X , F 5 . 2 I  

5 3 5  CONTINUE 
STOP 
E N 0  

S U B i l O U l l N E  H O T A T I T H E T 1 , P H I  
O I M E N S I O Y  H I J K ( 3 I ~ R X Y 2 ( 3 1 .  
P n 1 2 s P n 1 2  
RANG2=RANG2 
T H E 1 1  * 3 6 O . - T H E T 1  

1 TEMPl=COS ( T H E T 1 * . 0 1 7 4 5 3 3 1  
TEMPZ=COS ( P Y l 1 * . 0 1 7 4 5 3 3 1  
T E M P 3 s S I N  L T H E T 1 * . 0 1 7 4 5 3 3 1  
TEMP4:SIN ( P H I l * . O 1 7 4 5 3 3 I  

2 R I J ~ ~ ~ I ~ ~ A N C ~ * I E M P ~ ~ T E M P ~  
A I J L l 2 l : R A N G l + T E H P 2 * T E M P 3  
R l J ~ ( 3 I : 2 A N b l * l E M P 4  

3 DO 30 1 = 1 . 3  

D O  4 0  K: l ,3  
4 0  R I J ~ 2 ~ I l * R I J K 2 ~ I I r C 2 l I . K I * H X Y 2 ~ K I  

5 RANG? s SOH1 ( R I J K Z  1 1 I * * 2  H I J K 2  1 P 1 * * 2  R I J K 2  ( 5 I 
1 .*2 I 

I F ( R I J U Z ( 1 I ) 1 0 ~ 1 2 ~ 1 4  
1 0  I F L P I J K 2 1 2 I l 1 8 ~ 2 0 ~ 1 8  
111 T H E T 2 : 1 8 O . t A T A N ~ R I J K 2 o / R I J 1 2 ( 1 ) 1 1 . 0 1 7 ~ 5 3 5  

GO T O  1 5  

GO T O  1 5  
2 0  T H E T 2 = 1 B O .  

1 2  I F ( ~ I J L Z ( 2 1 1 2 4 ~ 2 6 ~ 2 8  
2 4  TnET2:270.  

G O  IO 1 5  
2 6  P n l 2 ~ 9 O .  

T H E T 2 = 0 .  
G O  T O  11 

2 8  THET2:90 
GO 10 1 5  

1 4  I F ( 4 I J K 2 ( 2 I I 3 2 . J 4 ~ 3 6  
32 T H E T ~ I ~ ~ O . ~ A I A N ~ R I J K ~ ~ ~ I ~ ~ I J K ~ ~ ~ ~ I / . ~ ~ ~ ~ ~ ~ ~  

GO T O  1 5  

ti0 I O  1 5  
34 T H E T 2 r O .  

GO T O  1 5  
1 5  P n l 2 s l ~ I J K 2 ~ 3 ) l S O R T  ~ R l J K 2 1 1 I ~ ~ P * A I J K ? ~ 2 l ~ ~ 2 I I  

I F ~ P H I 2 ~ ~ Z - . 0 0 0 0 4 ~ 1 0 1 ~ 1 0 1 ~ 1 0 0  
1 0 1  PHI2.O.U 

GO 10  11 

11 CONTINUE 

36 l ~ E 1 2  = A T A k  ( H I J K Z ( Z I / H I J K 2 1 1 1 I  / . 0 1 7 4 5 3 3  

1 0 0  PHIZ.ATAq(PH12)1.017453J 

T H E T ~ : S ~ O . - T H ~ T ~  
T H E 1 2 : 3 6 0 . - T H E ~ 2  
CONTINUE 
RE T U R N  
END 
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C 

C 
C M A T M P  I S  A SueROUTINE wnicw NULTlPLIES 1*3 'IATRICES 

34 C ~ L L  MATMPl3,3.C . & . E )  
35 CLLL M4T*PIJ.3.Cl.Al.Bi) 

PRINT 310. (IC lI.J).J*l.3)r1:1,3) 
PRlYT 310. 11C111.J~.Ja1.3~.In1.3~ 

4 H E 1 X ~ R E l * T E N P b ~ T E M P l  
RElf=REl*TENPt.*TEMP2 
RElZrREl.TEMP5 
REZXrRE2.TEMPB.TEMP3 
RE2Y=REZ*TEMPB*TEMP4 
RE2Z=RE2*TEnP7 

5 DELlAIl)rRElX-WE2X 
DELTAlZ)*RElV-REZV 
DELTAI~)=hElL-UE2Z 

C 

C 
C INPUT R A D A R  4ND PREDICTION DAT4--R404R 0414 IS ODD SUBSCRIPTED 

6 I = O  
7 I=l.l 
S 'EA5 0 .  T l M t l l ~ ~ l O A T A l l l , J l , J ~ ~ , 3 ~  
9 F O R M A T  I flO.O~E14.&~ZF11.4 

10 IFITIME(1))11.11.7 
11 I I O U N T * I - l  

c ,  
C IF <ODE IS POSITIVE, PERFORM ST4TISTICAL 4N4LfSIS ON INPUT 
C 
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cu 10 11 
2 8  inE12=9u 

GU T O  15 
14 IF(iIJ6LIL)IJL,34,3b 
3 2  T H E T 2 = J b Q . + A 1 A N ~ H I J K Z ~ 2 ~ / h l J K Z I ~ ~ ~ / . 0 1 J 4 5 J J  

G O  T O  15 

G O  TO 15 
31 THElZ=O. 

3b THE12 i AlAh ~ H I J K 2 ( 2 ) / ~ I J K 2 I l I l  1.0174533 

CUNTINUE 
RETIINN 
t k D  
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20 l~ElZ=ll)O. 
GO T O  15 

12 lF(illJK2(21124~26.28 
24 T~ET2=270. 

GO T O  15 
26 PHl2*90. 

TdETZ=O. 
GO T O  11 

28 THET2i90 
GO T O  15 

14 iF(1IJK2(21132.34,36 
32 THETZr360.rATAN~R1JK2~21/RlJU2~1111.0174533 

GO T O  15 

GO T O  15 

GO T O  15 

IF~PHI2**2-.000041101~101~100 
101 Prtl2=0.0 

GO T O  11 
loo PH12=ATLN(PHI211.0174533 

36 THE12  = A T A N  (RIJK2(21/RIJK2(111 1.0174533 

34 THETZ=O. 

15 PHIZ*(RlJKZ(31/SORT ( R l J K 2 ( 1 1 ~ * 2 * R I J K Z ( Z ) . . 2 ) )  

1 klJK(ll~RIJK(21~RIJK~31 
9 0  F O R M A T  (€12.51 

RETURN 
END 
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I F l K O D E J 1 5 . 1 5 . 1 0  
1 8  R A N G Z l f i A N G l  

T H E T 2 : T H E T l  
PHIZzPHI 1 
GO T O  9 6  

15 C A L L  T H A N S ~ T H E T ~ , P H I ~ . R A N G ~ . C  ,C1,THET2.PHl2,UANG2,DEL~A~ll. 

9 6  P R I N T  9 7 1 T I M E l I J , R A N G 1 , H A N G 2 ~ T H E T 1 ~ T H E T 2 ~ P H I l ~ ~ H 1 2  
9 7  F O R M A T ~ 4 X ~ F 7 . 2 ~ 2 F 1 2 . 1 . 4 F 1 0 . 4 )  
1 6  D A ~ A 2 1 1 . 1 J : H A N t i 2  

D A T A 2 1  I . 2 ) = T H E T 2  
1 7  D A T A ~ ~ I , ~ J = P H I ~  

1 O E L T A ( ~ J . D ~ L T A ~ ~ )  1 

C 

C 
C C A L C U L A T k  M L A N  AND STD. D E V .  FOR S T A R T I N G  S E I  O f  D A T A  

K:1  
2 1  D O - 2 3  I- 1 . K O U N T . L  
L L  UO 130 J a 1 . J  

E P S l K r J J : D A 1 A 2 1 1 , J ~ - D L T L 2 1 1 ~ 1 , J l  
230  C U N T l N U t  

2 3  K : K r l  
2 4  P H I N T  2 5  
25 F U R M l T l  8 6 H -  I I M E  RANGE 

1 I n i r A  P H I  ) 
2 6  P H l Y T  2 7  
~7 F O R M A T (  Y7no E P S I L O N  M € A N  SIGMA 

1 M E A N  ~ I G M A  E P 5 I L O N  M € A N  SIGMA I 
E P S I L O N  

3 Y B  
3Y9 
4 0 0  

6 6  

402 
355 
403 

4 0 1  

1 
L 
J 
4 
5 
6 

1 

2 

L:O 

L L = L * L  
I F I ~ L - ~ O J N T J 4 0 0 ~ 4 0 1 ~ 4 0 1  
C U k T  I N U E  

C O N T I N U E  
L = L + ~  
G O  TO 39E 
C O N 1  INUE 
END 
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APPENDIX J. RAM-C TRAJECTORY DATA 

The da ta  necessary  t o  c o n s t r u c t  t he  r a d a r  c r o s s  s e c t i o n  and t e l eme t ry  g a i n  time 

h i s t o r i e s  a r e  inc luded  i n  t h i s  appendix.  Included are  

Tra j ec to ry  Time 

Aspect Time 

RCS ~s Aspect 

Telemetry Gain ~s Aspect 

RCS E Time 

Telemetry Gain Time 

The a spec t  ang le  i s  computed from t h e  t r a j e c t o r y  d a t a  as descr ibed  i n  Appendix 

The gain and c r o s s  s e c t i o n  ve r sus  a s p e c t  func t ions  are empirical and were de- I. 

r i v e d  as d i scuss  i n  appendices  A and E.  The c r o s s  s e c t i o n  and g a i n  t i m e  h i s t o r i e s  

a r e  then  e a s i l y  genera ted  by s imple c r o s s  p l o t t i n g .  

u l a t i n g  an  a r r a y  sea rch ing  computer program ("SORT"). 

academical ly  and i s  n o t  f u r t h e r  d i scussed  i n  t h i s  document. 

This  was accomplished by form- 

This program i s  of  i n t e r e s t  
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! 

m 
(sac) 
141.0 
142.0 
143.0 
144.0 
145.0 
l4b.1 
147.0 
148.0 
l4P.O 
150.0 
151.0 
152.0 
153.0 
154.0 
155.0 
156.0 
157.0 
158.0 
1 5 e . o  
160.0 
1b1.0 
lb2.0 
lb3.0 
lb4.0 
165.0 
166.0 
167.0 
168.0 
l6P.O 
170.0 
171.0 
172.0 
173.0 
174.0 
175.0 
l7b.O 
177.0 
178.0 
17'9.0 
180.0 
181.0 
182.0 
113.0 
184.0 
115.0 
186.0 
117.0 
188.0 
18P.O 
1PO.O 
lP1.0 
lP2.0 
1P3.0 
1v4.0 
lP5.0 
1Pb.O 
107.0 
1 P 8 . 0  
l P P . 0  
200. u 
101. U 
202.0 
203.0 
1 0 4 . 0  
205.0 
206.0 
207.0 
208.0 
LOP.0 
210.0 
211.0 
211.0 
113.0 
21e.o 
215.0 
21b.O 
217.0 
218.0 
21P.O 
220.0 
221.0 
222.0 
223.0 
224.0 
225.0 
12b.O 
227.0 
228.0 
229.0 
230.0 
231.0 
232.0 

-7.5 
-7 .7 
-7.e 
-8.1 
-3.5 
-8 .1 
-8.P 
4 . 1  
-v.3 
-v.5 
-v .7 
-v .v  

-10.3 
-10.3 
-10.3 
-10.3 
-10.2 
-10.2 
-10.2 
-10.2 
-10.2 
-10.1 
-10.1 
-10.1 
-10.0 
-10.0 
-10.1 
-10.3 
-10.4 
-10. b 
-10.7 
-10.9 
-11.0 
-11.2 
-11.3 
-11.2 
-10.8 
-10.3 
-9.7 
- 9 . 3  
-8.P 
-8.5 
-0.0 
-7.4 
-7.2 
-7.3 
-7.3 
- 1 . 4  
-7.. 
-7 .5 
-7,b 
- 7 . 6  
-7.7 
- 7 . v  
- 8 . 3  
-0.7 
-9 .2 
'9.b 

-10.0 
-10.4 
-10.8 
-11.3 
-11.7 
-11.6 
- 1 o . v  
-10.2 
-P.b 
- 8 . P  
-8.3 
-7.b 
-b.9 
-b.b 
-b.3 
-0.0 
-5.b 
-5.7 
-b.l 
-b.5 
-6.8 
-7.2 
-7.b 
-8.0 
-e.* 
-8.8 
-9.1 
-P.5 
-P .P  

-10.3 
- 1 0 . 7  
-11.1 
-12.2 
-12.2 

1371391.8 
3363P51.8 
335b3VP.8 
3349015.8 
3341591.8 

3326175.P 
33lP431.7 
3311V27.7 
3304517.8 
3297231.V 
SZ8P687.8 
3282407.8 
3274P27.8 
32b7b33.8 
3260319.8 
3252P67.8 
3241567.7 
32381PP.P 
3230823.8 

3ZlblPP.8 
3208P83.8 
32017b7.P 
31945PV.8 
3187327.8 
3180047.8 
3172807.8 
3165583.8 
3158327.8 
3151135.P 
3 1 4 4 0 7 1 . P  
3136831.8 
3129623.8 
3122447.1) 
3115271 .P 
3108087 .I 
3101031.8 
30P3775.8 
3086687.8 
307Pb31.P 
3072303.8 
3Ob5095.9 
3057807.P 
3050543.P 
30a3135.8 
3036007.8 
302B103.8 
3021439.9 
30142b3.8 
3007055.8 
299P887.8 
2PPZb87.8 
2P853Pl .8 
2P18lPl.P 
2P10935.8 
2913781.8 
295bb15.P 
2P*P399.P 

11I1,YbJ.O 
2P27PlP.8 
2920935.8 
291363P.P 
2006583.P 
2899335.8 
28P227P .8 
2885055.8 
2877999.9 
2870863.9 
2863799.9 
285b<P5,8 
2819<39.8 
2842247.8 
2835151.P 

2820187.8 
2813751.P 
2806447.8 
2799279.P 
2792215.8 
2785143.8 
2777P43.8 
2710775.9 
27b37d3.P 
275b591.P 
2749591.P 
2742511 .8 

27283PP.8 
2721351.8 
2713879.P 

33343e3.8 

3223559.8 

2~*2247.8 

~827~95.8 

2735375.8 

T I I S  
(SEC) 

233.0 
234.0 
235.0 
236.0 
2 3 1 .  0 
238.0 
23P.O 
240.0 
241.0 
242.0 
243.0 
244.0 
245.0 
246.0 
247.0 
248.0 
2 4 V . O  
250.0 
251.0 
252.0 
253.0 
254.0 
255.0 
25b.O 
251.0 
258.0 
259.0 
2bO.O 
261.0 
162.0 
2b3.0 
2b4.0 
265.0 

267.0 
268.0 
lbP.O 
270.0 
271.0 
272.0 
273.0 
274.0 
115.0 
27b.O 
277.0 
278.0 
279.0 
280.0 
281.0 
2D2.0 
283.U 
284.0 
285.0 
286.0 
287.0 
188.0 
289.0 
2eo . 0 
191.0 
2P2.0 

1 P 4 . 0  
205.0 
29b.0 
2P7.0 
298.U 
2 P 9 . 0  
300.0 
301.0 
402.0 
303.0 
3 0 4 . 0  
305.0 
30b.O 
J07.0 
308.0 
309.0 
310.0 
31l.U 
312.0 
313.0 
314.0 
315.0 
31b.0 
317.0 
318.0 
31P.O 
320.0 
321.0 
322.0 
323.0 
324.0 

2ba.O 

--- I 
L."." 

-12.8 
-12.4 
-11.v 
-11.3 
-10.8 
-10.4 
-10.0 
-9.b 
- e . 1  
'8.9 
-0.7 
-8.6 
-8.5 
-8.5 
-0 .4  
- 8 . 3  
-8 .3  
-8.2 
-8.2 
-8.2 
-8.2 
-8.2 
-0.2 
-8.1 
-0.1 
-8.1 
-8.1 
-8.1 
-8.1 
-11.1 
4 . 1  
-8.1 
-8.2 
-8.2 
-0.2 
-8.2 
- 0 . 3  
-8.3 
-8.4 
-e.* 
-0.5 
-0.5 
-8.6 
- 8 . 7  
-8.7 
-8.7 
-0.9 
-9.1 
-9.3 
-9.3 
- 9 . 6  
4.8 
-9.0 
-10.0 
-10.2 
-10.4 
-10.4 
-1O.b 
-10.8 
-11.1 

-11.3 
-11.5 
-11.5 
-11.5 
-11.7 
-11.7 
-0.0 
-1.0 
-8.0 
- 8 . 0  
-8 .0  
-8.0 
- 8 . 0  
- 8 . 0  
-8.1 
-6.2 
- 8 . 3  
- 8 . .  
- 8 . 5  
-8.b 
-8.7 
-8 .8 
-9.0 
-9.1 
-v .3  
-P.. 
-P.b 
-P .8  

-10.0 
-9.4 
-8.b 

... . __._ 

2701107.8 
26P9343.P 
2691999.9 
2b84807.8 
2b77487.8 
26701b7.P 
2662895.9 
2655511.8 
2648279.P 
2641023.8 
2633703.8 
2626415.8 
2b19207.8 
2611967.8 
2bO4bV5.P 
25974P5.P 
2590335.8 
2583079.P 
2571847.8 
25687b7.9 
25blb87.9 
2554b3P.P 
2547135.9 
2540607.9 
2533599.8 
252b559.8 
2519b31.8 
2512567.8 
2505bb3.8 
2lP8351 .P 
2491159 .e 
2s83855.8 
2476615.9 
2IbPI39.8 
24b2287.9 
2455023.8 
2447751.8 
2440551.8 

2421007.8 
241175P.9 
2407267.8 
2399335.8 
2390391.9 
2381e55.8 
2372*39.8 
23b3575.P 
2354b15.P 
2344767.9 
2334U79.8 
2325063.9 
2315215.8 
2305439.9 
22915b7.P 
L183727.8 
22729iP.8 
2162079.8 
2151425.6 
2238535.8 
2225759.8 

2200311.8 
2181h55.9 
2172511.Y 
1157391.9 
2 1 4 2 5 8 3 . P  

2112311.9 
2097199.9 
2082179.9 
2061175.8 
2052207.9 
2 0 3 1 2 6 3 . 8  
2022d19.8 
2001275.9 
1992335.P 

1962487.9 
1P47575.9 
1P32679.8  
1917759.8 
1902871.8 
1888027.P 
1873331.9 
1858339.P 
1843523.8 
1828811.8 
1813963.8 
17P9295.9 
1783819.P 
17b84bI.P 
17529PS.P 

24~2279.9 

7 7 . . n < E l  s - -. . . . . . 

2a21407.9 

3977383.8 

T m 2  
(SEC) 

325.0 
326.0 
327.0 
328.0 
329.0 
330.0 
331.0 
332.0 
353.0 
334.0 
335.0 
33b.O 
337.0 
338.0 
33P.O 

341.0 
342.0 

344.0 
345.0 
346.0 
347.0 
348.0 
34P.O 
350.0 
351.0 
352.0 
353.0 
351.0 
$55.0 
35b.O 
357.0 
358.0 
35P.O 
310.0 
3b1.0 
3b2.O 
3b3.0 
364.0 
Jb5.0 
316.0 
367.0 
Jb8.O 
3bP.O 
370.0 
371.0 
372.0 
3 1 3 . 0  
374.0 
315.0 
376.0 
377.0 
378.0 
379.0 
380.0 
JSl.0 
382.0 
383.0 
384.0 
5 0 5 . 0  
J8b.O 
387.0 
318.0 
389.U 
3 P 0 . 0  
391.0 
JP2.0 
3 P 3 . 0  
3 9 1 . 0  
3 P 5 . 0  
39b.U 
3P7.0 
3 P 8 . 0  
3PP.O 
400.0  

402.u 
403.0 
404.0 
4 0 5 . 0  
401.0 
407.0 
408.0 
4 0 9 . 0  
4 1 0 . 0  
4 1 1 . 0  
4 1 2 . 0  
.13.0 
414.0 
415.0 
4lb.O 

a4o.o  

343.0 

w1.n 

R c s & u ( z  
(Dm1*2> (R) 

-7 .P  1731647.8 
-7.5 1722855.P 
- 7 . 1  1708175.8 
- b . l  1693523.8 
-6.3 1b73Pb7.P 
-b.1 1bb4255.9 
-b.l lb49175.8 
-6.1 1635231.P 
-b.1 1620165.8 
-b.l lbOb315.P 
-b.l 1591Wl.P 
-6 .1 1572b41.P 
-6.1 1553291.P 
-b.1 1534035.P 
-6.7 1514775.8 
-7.3 1495715.P 
-8.2 147b547.9 
- 8 . 8  -9.7 1457483.8 1438a15.8 

-12.0 i a 7 ~ 2 8 3 . ~  

-lO.b 14lP1b7.P 
-11.2 1400503.8 

-11.4 13581Pl.P 
-10.8 13371PP.P 
-10.3 131b271.9 
-P.b 1295383.P 
-9.5 1274bbJ.P 
-9.5 1254035.P 
-9.5 1233475.9 
-P.5 1213Ob3.P 
-P . *  1192831.8 
-9.2 1172b*3.8 
-8.1 1152555.P 
-8.0 1131087.8 
-8.3 11OP779.9 
-8.7 1088743.9  
- * . a  10b7831.8 

-10.3 1047135.P 
-11.3 102b71P.P 
-11.b lOOb547.9 
-11.P 986584.0 
-12.b VbbV78.0 
-13 .4  947blb.O 
-14.3 92b754.0 
-15.7 9Ob37b.O 
-14.7 88blbO.O 
- 1 2 . 4  8bb452.0 
-1l.b 8I69LI8.0 
-11.5 828000.0 
-12.9 809440.0  
-12.2 791*00.0 
-11.1 773Ul4.0 
-11.1 756804.0 
-13.2 740318.0 
-12.2 724450.0 
- 1 2 . 0  708508.0 
-14.8 693322.0 
-14.8 678828.0 
-8.1 bb5114.0 
-9.7 652298.0 
-P.b 640456.0 
- 0 . 9  62P372.0 

-11.1 blP328.0 
-4.7 610324.0 
-7.3 b02532.0 
5.6 597558.0 
P . 9  59363b.O 
8.4 590788.0 

. 4  589186.0 
-b.1 588572.0 
-7.b 589014.0 

-11.8 590730.0 
-10.3 593*20.0 
-13.2 5971bb.0 
-13.3 b02174.0 
-14.6 bOb676.0 
-17.3 (12154.0 
-14.0 b185bb.O 
-11.8 b25932.0 
-12.3 b34290.0 
-14.1 b435bb.O 
-14.2 b535b2.0 
-13.5 bb4430.0 
-14.3 b7bO4b.O 
-15.0 b88154.0 
-1a.3 bPb894.0 
-13.1 7055P2.0 
-12.1 71e542.0 

-12.1 733200.0 
-12.7 742880.0 
-13.4 752794.0 

-12.0 723noa.o 

. 

48l.U -10.8 838342.0 
482.0  -11.3 838100.0 
483.0  -11.8 838310.0 
414.0 -12.b 838320.0 
485.0 -13.1 838372.0 
48b.O -12.2 838416.0 
487.0 -11.3 838380.0 
4 8 8 . 0  -10.0 8 3 8 3 5 1 . 0  
48P.O -9.7 838J20.0 
4 9 0 . 0  - 9 . 1  830402.0 
qPl.0 -6.5 838372.0 
4P2.0  -8.2 838426.0 
4P3.U -1.6 838480.0 
494.0 -7.0 838452.0 
4P5.0 -b.P 838480.0  
eP6.0  -b.9 838528.0 
4 P 7 . 0  -b.P 038506.0 
aP8 .U  -6.8 838501.0 
a P . 0  -b.8 838480.0 
500.0 -bra 838480.0 
501.0 -6.8 838454.0 
502.0 -b.7 838446.0 
) 0 3 . 0  -b.? 838430.0 
504.0 -6.7 838402.0 
505.0 - 0 . 8  8383Pb.O 
501.0 -6.7 838570.0 
507.0 -b.7 838372.0 
508.0 -6.7 838154.0 

-1 75- 
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183.0 -4.4 3Ob5095.9 
184.0 -4.6 3057007.9 
185.0 -4.0 3050543.9 
186.0 -4.9 3043135.0 
187.0 -5.1 303b007.0 
180.0 -5.3 3028703.0 
189.0 - 5 . 5  3021439.9 
190.0 -b.5 3014263.0 
191.0 -7.5 3007055.0 
192.0 -0.5 2999007.0 
193.0 -10.0 2992b07.8 
194.0 -10.0 2905391.0 
195.0 -11.3 2910191.9 
196.0 -11.0 2970935.0 

201.0 -12.8 29350b3.0 
102.0 -12.7 2927919.8 
203.0 -12.6 2920935.0 
204.0 -12.5 2913b39.9 
105.0 -12.5 290b583.9 
20b.O -12.5 2899335.8 
207.0 -12.5 2892279.8 
200.0 -12.5 2005055.8 
209.0 -12.3 2077999.9 
210.0 -11.9 2810063.9 
211.0 -11.5 28b3799.9 
212.U -11.3 285b495.0 
213.0 -11.1 2049439.8 
214.0 -10.9 2842247.0 
215.0 -10.7 2835151.9 
21b.O -10.4 2827095.0 

221.0 -10.1 2792215.0 
222.0 -10.1 2785143.8 
223.0 -10.0 2717913.0 
224.0 -10.0 2110775.9 
225.0 - 9 . 9  27b3103.9 
22b.O - 9 . 9  275b591.9 
127.0 - 9 . 8  2749591.9 
228.0 -9.8 2142511.0 
229.0 - 9 . 7  2735375.0 
1 S O . O  - 9 . 7  2720399.8 
231.0 - 9 . b  2721351.0 
132.0 -9.b 271S879.9 

302.0 -0.9 2082179.9 
103.0 -9.0 2061175.8 
304.0 -9.2 2052207.9 
305.0 -9.3 20372b3.0 
306.0 - 9 . 5  2022219.0 
307.U -9.5 2001215.9 
390.0 -9 .6 1992335.9 
309.0 - 9 . 7  1977303.0 
310.0 - 9 . 1  19b2407.9 
311.0 -9.0 1947575.9 
312.0 -9.9 , 9 3 7 b l P . 8  
3i3.0 -ioio i~i;%ii 
314.0 -10.2 1902811.0 
31S.O -10.3 1088027.9 
31b.O -10.5 1073331.9 
311.0 -11.1 1850339. 9 
311.0 -11.1 1843523.0 
319.0 -12.3 1828011.8 
320.0 -12.5 18139b3.0 
321.0 -12.5 1799295.P 
322.0 -12.5 1703819.9 
123.0 -12.1 17684b7.9 
3 2 4 . 0  -12.9 1152995 .9 

T I M  
(SEC) 

325.0 
326.0 
327.0 
328.0 
3 2 9 . 0  
3 3 0 . 0  
331.0 
332.0 
333.0 
3 3 4 . 0  
335.0 
336.0 
337.0 
3 3 0 . 0  
339.0 
340.0 
341.0 
342.0 
843.0 
344.0 
345.0 
346.0 
347.0 
3 4 8 . 0  
34e.  0 
350.0 
351. 0 
352.0 
353.0 
354.0 
355.0 
3Sb.O 
351.0 
358.0 
3 5 9 . 0  
3b0.0 
3b1.0 
362.0 
3b3.0 
364.0 
3b5.0 
36b.O 
367.U 
360.0 
369.0 
31o.u 
311.0 
112.0 
373.0 
374.0 
3 1 5 . 0  
J1b.O 
3 7 7 . 0  
318.0 
3 1 9 . 0  
380.0 
381.0 
382.0 
3 8 3 . 0  
384.0 
385.0 
180.0 
381.0 
188.0 
389.U 
3 P O . U  
391.U 
392.0 
3 9 3 . 0  
3 9 4 . U  
395.0 
3 9 6 . 0  
397.0 
390.0 
399.0 
400.0 
101.0 
402.0 
403.0 
404.0 
405.0 
4Ob.O 
407.0 
4 0 0 . u  
409.0 
410.0 
411.0 
412.0 
413.0 
414.0 
415.0 
41b.O 

-176- 

-12.0 
-12.3 
-11.0 
-11.3 
-10.0 

- 9 . 5  
-0 .5 
- 1 . 5  
-b.5 
-5.4 
-5.3 
-5.1 
- 4 . v  
-4.7 
-4.5 
-4.4 
-4.1 
-4.0 
-3.9 
- 3 . 9  
- 3 . 9  
-4.1 
-4.7 
-5.5 
-b.3 
-7.3 
- 7 . 7  
- 0 . 0  
-7.6 
-6.0 
-5.7 
-4.7 
-3.5 
-2.5 
-2.5 
-2.7 
-3.3 
- 3 . 9  
-1.9 
-4.1 
- 4 . 4  
-5.1 
-4.7 
- 3 . 9  
-3.4 
- 3 . 3  
-2.0 
-2.1 
-2.0 
-1.4 

- . 9  
-1.b 
-1.7 
-2.2 
-2.0 
-2.4 
-1.3 
-1.5 

.1 

. e  
- . 9  
- . 9  

-1.1 
-1.7 
-2.5 
-3.5 
-3.4 
-2.3 
-1.4 
-.b 

-2.5 
-.I 

-1.3 
-2.7 
-1.0 
-1.0 
-4.0 
-3.0 
-1.9 
-5.5 
-2.3 
-3.3 
-.5 

-2.3 
-2.4 
-2.4 
-5.2 
-b.2 
-5.2 
-5.5 
-9.5 
-b.5 

1737b47.0 
1122055.9 
1100175.8 
1693523.0 
1b789b1.9 
1bb4255.9 
lb49775.0 
1.35231.9 
1b20163.0 
lbOb315.P 
1591931 .9 
1572647.9 
1553291.9 
1534035.9 
1514775.0 
la95715.9 
1416547.9 
1457403.0 
1430415.0 
141V*b7.9 
1400503.0 
1379283.9 
1350191.9 
1337199.9 
131b271.9 
1295303.9 
1274bb3.9 
1254035.9 
1233475.9 
1213063.9 
1192031.0 
1172b43.0 
1152555.9 .. . 
1131007.0 
1109779.9 
1088743.9 
1067831.8 
1047135.9 
1026719.9 
100b547.9 
90b504.0 
906978.0 
94161b.O 
926154.0 
90b37b.O 
08blb0.0 
0bb452.0 
04bY00.0 
028060.0 
8 0 9 4 4 0 . 0  
7 9 1 4 0 0 . 0  
773014.0 
75b004.0 
740310.0 
724450.0 
700508.0 
b93122.0 
678020.0 
bb5114.0 
b52298.0 
b4043b.O 
b29372.0 
b19320.0 
610324.0 
602532.0 
597558.0 
593b3b.O 
590700.0 
58910b.O 
588572.0 
509014.0 
5 9 0 7 3 0 . 0  
593420.0 
5972bb.O 
b02114.0 
bObb7b.O 
b12154.0 
b185bb.O 
b25932.0 
b34290.0 
b435bb.O 
b53562.0 
bb4430.0 
67b04b.O 
b084S4.0 
69b094 .O 
705592.0 
114542.0 
123804 .O 
133200.0 
14200b.0 
752794.0 

me 
(sac) 

417.0 
410.0 
419.0 
420.0 
421.0 
422.0 
421.0 
424.0 
425.0 
42b.O 
427.0 
420.0 429.0 
430.0 
431.0 
432.0 
433.0 
434.0 
435.0 
43b.O 
437.0 
430.0 
439.0 
4 4 o . u  
44l.U 
442.0 
443.0 
444.0 
445.u 
44b.U 
447.u 
4 4 0 . 0  
4 4 9 . 0  
450.U 
451.0 
452.0 
4 5 3 . 0  
454.0 
455.u 
45b.O 
457.0 
450.0 
459.0 
4bO.O 
4bl.U 
462.0 
463.U 
4ba.U 
4b5.0 
4bb.O 
4b7.0 
ab0.O 
4 6 9 . U  
4 7 0 . 0  
41l.U 
4 7 2 . u  
473.0 
4 7 4 . u  
475.0 
47b.U 
4 1 7 . 0  
470.0 
479.0 
480.0 
481.0 
482.U 
4l l3 .U 
484.0 
4 8 5 . U  
48b.U 
4 8 7 . U  
480.U 
4 8 9 . 0  
4 9 0 . 0  
491.u 
492.0 
4 P 1 . U  
494.0 
4 9 5 . 0  
49b.0 
497.0 
490.0 
499.0 
500.0 
501.0 
502.0 
,O3.0 
504.0 
505.0 
506.0 
5 0 7 . 0  
5 0 0 . 0  

UIW pu(z 
0 8 )  rn) 
-4.0 762098.0 
-4.b 773222.0 
-5 .0 703732.0 
-5.1 18109b.O 
-5.3 790490.0 
-5.3 793944.0 
-5.5 79140b.0 
-5.3 800842.0 
-5.2 004320.0 
-5 .0 007030.0 
- 4 . 7  811356.0 
-4.5 -4.4 01403b.0 818454.0 

-5.0 019532.0 
- 5 . 5  020540.0 
-5.2 021b4b.O 
- 4 . 9  022706.0 
- 4 . 7  02384b.O 
-4.b 024938.0 
- 4 . 5  026070.0 
-4.9 027104.0 

- 7 . 0  029312.0 
- 9 . 5  029032.0 
-5 .5 030350.0 
-5.1 030092.0 
-b.2 831318.0 
-5.6 031772.0 
-2. 0 032326.0 
-2.0 832030.0 
-3.3 0 3 3 1 9 0 . 0  
-2.5 03361b.0 

- . 9  014290.0 
-.b 034514.0 

-2.1 0347bb.O 
- 3 . 1  034950.0 
- 3 . 6  035194.0 
-2.3 035366.0 
-4.1 035520.0 
-4.3 0357b0.0 
-2.1 8359b2.0 
- 3 . 3  03b132.0 
-3.9 03b4Ob.O 
-3.5 036530.0 
-4.5 03b74b.O 
-4.0 03bbaB.O 
-2.9 83704b.O 

-1.0 0373bb.0 
-2.1 037400.0 
-1.9 037b50.0 
-l.b 037138.0 
-1.0 031914.0 
-2.4 037934.0 
-2.7 030052.0 
-2.9 8 3 1 0 1 0 . 0  
-2.3 038104.0 
-1.7 030112.0 
-1.5 03022b.O 

-1.1 030340.0 
-1.2 830340.0 

-1.1 010302.0 
-1.0 030342.0 

- . 9  830400.0 
- . 7  0 3 0 5 6 6 . 0  
-.3 830320.0 
-.1 030372.0 
- . 8  03041b.O 

-1.4 830380.0 
-2.3 030352.0 
-2.3 030320.0 
-2.4 030401.0 
-2.4 838372.0 
-2.4 03042b.O 
- 2 . 5  038400.0 
-2.5 838452.0 
-2.2 030400.0 
-2.1 030520.0 
-1.0 030506.0 
-1.5 03050b.0 
-1.4 030400.0 
-1.4 030400.0 
-1.2 030454.0 
-1.1 03844b.0 
-1.0 838430.0 
-1.0 038402.0 
-1.2 03839b.Q 
-1.1 838370.0 
-1.1 038312.0 
-1.0 830354.0 

- 5 . 4  820222.0 

-2.1 03718b.n 

-1.3 tm218.0 

-1.1 w w o 4 . o  
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APPENDIX K. CALIBRATION TESTS ON THE NASA-LRC 
MICROWAVE ANECHOIC CHAMBER 

A. INTRODUCTION 
The subject study involved radar cross-section measurements of a model of the 

Scout missile with a RAM payload. 

performed in the microwave anechoic chamber at LRC after the facility was tested to 

determine the most appropriate scale factor to use in construction o f  the model. 

appendix summarizes the results of tests at this facility. 

It was initially agreed that these tests would be 

This 

B. FACILITIES DESCRIPTION 
The LRC facility made available to RTI consisted of an approximately 9 x 20 foot 

chamber with interior walls covered with carbon saturated Styrofoam material. 

instrumentation was of the monostatic CW cancellation type using a balanced hybrid T 
with tunable load to decrease coupling between the transmitter and the receiver as 

shown in Fig. K-1. In the absence of the target, the tunable load may be adjusted 

so that undesirable reflections from microwave mismatch as well as extraneous return 

from the support and facility are nearly nulled. 

sources remains essentially the same after placing the target on the support accurate 
measurement may be obtained. 
chamber and the background may significantly affect the validity of the data. 

this reason, it is desirable to calibrate the facility in order to determine the 

physical iimiiaiions ofi target size. 

model scale factors for a given facility. 

The 

If the contribution from these 

Large targets in general alter the illumination of the 

For 

?!he t z rge t  size limitations in turn determine 

"he CW cancellation scheme depends on the oscillator stability for success. The 

signal source must maintain steady phase and amplitude characteristics over long 
periods to eliminate frequent system adjustments. 
able in the subject chamber to cover the different frequency bands. The X-band sys- 

tem is stabilized through a phase-locked loop; the Ka- band system utilizes a simple 
reflex klystron with oil-bath cooling. 

Different oscillators are avail- 

C. CALIBRATION 
Radar cross-section (RCS) measurements are obtained by comparing the scattered 

The sphere is signal from a target to the scattered signal from a known standard. 

one of the few geometries for which an exact solution to the scattering equations 

exists. 
standard. 

For this reason, the sphere is almost universally chosen as a calibration 

Since an anechoic chamber is known to have size limitations on targets, it is 

necessary to ascertain that plane wave conditions (uniform phase and aciiplitiick) 
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exist over the volume to be occupied by the model. 
determined is by measuring the incident wave front with a small probe moved about 

the volume. However, this technique describes conditions before the larger target 

is introduced, and does not predict actual measurement conditions. A much simpler 
test is to measure an object with known RCS which has similar physical characteristics 
to the unknown target and therefore occupies approximately the same volume. 

One way in which this may be 

The cylinder is another geometrical shpae €or which accurate calculations are 

available. 

reasons it was selected as a test model. 

It possesses shape similarities to most launch vehicles. For these 

% 

It has been shown that the return from a polyfoam col& varies significantly 

with frequency and an optimum column diameter can be selected for a given target 

weight. 
relatively large RCS. For the calibration tests discussed here, a six-inch diameter 

column was chosen as the target support as it was felt this would adequately support 
the test objects without undue wobbling during rotation. The height of the column 

was chosen to place the target at about the same level as the illuminating antenna. 
With the column in place, 9.17 Gc was selected as an operating frequency as the 
characteristics of most chambers are reasonably constant over several thousand meg- 

acycles at X-band. 

However, this is an insensitive parameter in the measurement of targets with 

None of the lower frequency set-ups were investigated since the Scout missile 

must be scaled to at least X-band (for L-band equivalent data) in order to achieve 
a model size compatible with the chamber. 

abilities at 28.3 Gc was conducted but little was learned of equivalent chamber 
cross-section due to transmitter instability. The 28.3 Gc operation was assumed to 
be equivalent to the 35 Gc capability which was not tested as the transmitter klystron 
(the major factor) is of the same type. 

A briei iuvestigation of c h ~ i i h i -  czp- 
' 

1. Sphere Tests 
Almost universally, the sphere is the calibration standard in the RCS measurement 

field. 

and polarization angle, it is generally selected as a tool in the assessment of cal- 
ibration accuracy. 

action, and errors due to phase curvafhre over the plane of the target silhouette, 
calibration of the linearity of an anechoic chamber is easily accomplished with the 
use of standard spheres. 

ground return assessed along with the system linearity. 

it is essential that plane wave conditions be known to exist in the volume to be OC- 
cupied by the spheres; otherwise, c'ne results call be mls:eadkg. 

Since the RCS of the sphere is easily derived and is independent of aspect 

In the absence of background reflections, target support inter- 

A series of spheres may be measured and the residual back- 
Prior to this test, however, 

%e h i t i a? .  t e s t  99 
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$'I and 1" diameter  spheres  v a r i e d  enough wi th  r o t a t i o n  of  t h e  t a r g e t  suppor t  t o  

cause suspension of  a p r e c i s e  c a l i b r a t i o n  of l i n e a r i t y .  While the  r e t u r n s  from 

these  spheres  should have been p r e c i s e l y  3.9 db d i f f e r e n t ,  a n  u n c e r t a i n t y  of about  

3 db e x i s t e d  due to  v a r i a t i o n s  wi th  sphere  movement i n  and o u t  of phase wi th  back- 

ground r e t u r n  and t h e  sphere  t e s t  was abandoned. 

t a r g e t  having two separa ted  s c a t t e r s ,  two 1"spheres separa ted  approximately 3%'' were 

placed on the  6" column and r o t a t e d  t o  gene ra t e  an i n t e r f e r e n c e  p a t t e r n .  

should be similar i n  cha rac t e r  t o  t h a t  shown i n  Fig.  K - 2 ,  depending on spacing.  

A s  a n  added check t o  s imula t e  a 

The r e s u l t s  

Aspect Angle 8 

Fig. K-2 .  I n t e r f e r e n c e  p a t t e r n  f o r  two spheres  (Dumbell). 

2 .  Cyl inder  Tes ts  

Except near  end-on a s p e c t ,  t h e  r a d a r  c ros s - sec t ion  of a f i n i t e  cy l inde r  can be  

Broadside as- c a l c u l a t e d  accu ra t e ly  f o r  l ong i tud ina l  and t r ansve r se  p o l a r i z a t i o n .  

p e c t  r e t u r n  f o r  a th i ck  cy l inde r  i s  p a r t i c u l a r l y  easy  t o  c a l c u l a t e ,  and the  dependence 

of the  RCS (8 L) on the  square of  t he  l eng th  ( f o r  c y l i n d e r s  o f  s u f f i c i e n t  diameter  

and l eng th  t o  avoid resonance e f f e c t s )  makes the  c y l i n d e r  an  a t t rac t ive  s tandard  f o r  

c a l i b r a t i o n  of backsca t t e r  measurement f a c i l i t i e s .  

t a r g e t s  of c y l i n d r i c a l  shape such as the  Scout missile.  By keeping t h e  cy l inde r  

diameter  cons t an t ,  t h e  square  r o o t  of the  broads ide  r a d a r  c r o s s  s e c t i o n  ( d a  I ) 
ver sus  l eng th  can be examined as a n  accuracy  c r i t e r i o n .  For ka  > >1, where k i s  

ZIT d iv ided  by wavelength and a i s  the  c y l i n d e r  d iameter ,  a linear r e l a t i o n s h i p  ( i n -  

dependent of  p o l a r i z a t i o n )  can be expected as shown by the  dashed l i n e s  i n  F ig .  K-3. 

P o l a r i z a t i o n  co r rec t ion  f a c t o r s  are r equ i r ed  f o r  ka < 10. For the  1'' c y l i n d e r ,  some 

change i n  RCS i s  expected wi th  p o l a r i z a t i o n ;  the  h o r i z o n t a l  r e t u r n  should be 0.4 db 
2 

h igher  than ka12, and the  v e r t i c a l  ( t r a n s v e r s e )  RCS should be  0.5 db lower than  k a l  . 
Respect ive adjustments f o r  the  2" c y l i n d e r s  are 0.2 db and 0.4 db. Calcu la ted  

broads ide  r e t u r n s  expected f o r  a l l  c y l i n d e r s  measured a t  9.17 GC are t abu la t ed  i n  

Table  K- 1. 

This  i s  p a r t i c u l a r l y  t r u e  f o r  
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Fig. K-3. S m r y  of cyl inder  tests a t  9170 Mc. 

Table K - 1  

Calculated Values (dbsm) f o r  Cylinders a t  9.17 Gc 

Diameter = 1 inch Diameter = 2 inches 

‘V ‘h ‘V ‘h 
Length ( in . )  Length ( i n . )  

7.2 -11.3 -10.4 

8.4 -10.1 -9.2 

Y . 6  -8.9 -8.0 

10.8 -7.9 -7.0 

12.0 -7.0 -6.1 

14.4 -2.3 -1 .7  

16.8 -0.9 -0.3 

l Y . 2  0.2 0.8 
21.6 1.3 1.9 

24.0 2.2 2.8 

.* 

The dimensions of the cy l inde r s  were chosen t o  avoid resonance e f f e c t s  with changes 

i n  length and y i e l d  data  on bodies with dimensions of the same order as a Scout m i s s i l e  

(less the f i r s t  s t age  booster)  when scaled t o  the measurement frequency. 

For the  measurements t o  give data s u i t a b l e  f o r  normal f a r - f i e l d  ana lys i s ,  the tar- 
g e t  should be separated from the antenna i n  excess of 2(D1 + D2) 2 /A , where D1 i s  the 

maximum antenna ape r tu re  dimension and D2 i s  the maximum t a r g e t  dimension p ro jec t ion  

on t h e  plane normal t o  the l ine of propagation. 

however, without causing s i g n i f i c a n t  e r r o r ,  depending on data  accuracy requirements 

and the nature  of the t a r g e t .  For these tests, considering the u l t i m a t e  u t i l i z a t i o n  

This c r i t e r i o n  can be somewhat re laxed,  

n 

of t h e  data,  2(D1 + D2)L/h, w a s  chosen a s  an an appropriate  c r i t e r i o n .  

of tests,  the antenna w a s  placed approximately 13’ from the t a r g e t  support. This i s  

a reasonable compromise between the extremes generated by considerations of placing 

the t a r g e t  a s  c lose  t o  the antenna as possible  ( to  maximize r e f l e c t e d  power) and as 

For the series 
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far from the back wall as possible (to minimize target/wall interactions); and 

placing the target as far as possible from the antenna to minimize phase front varia- 
tion of the illuminating energy. 

For the X-band tests, this range to the target (13') coupled with the antenna 

used (maximum dimension about 8"), indicated ,that the cylinders longer than about 

six inches would probably start to show errors caused by non-uniform wave illimina- 

tion. None of the proposed scale models were to be this small and it was the intent 
of the cylinder tests to assess this type of error on targets subjected to non- 

(D1 i- D2)2 
x 

uniform illumination. 

] for the 28.3 Gc frequency, the maximum Using the same criteria [R = 

target dimension (for 4" antenna and R = 13') is only 2%". 

measure a few such targets at 28.3 Gc. The results were inconclusive due to non- 

uniform illumination as well as klystron drift. 

An attempt was made to 

Stratton [22] has shown that the use of scaled models and frequencies is justifi- 

ed. The linear scale factor for the model is equal to the ratio of the wavelength 
of the measuring system to the wavelength in the full scale system. 

linear dimensions in the modeled system are the product of the corresponding full 
scale dimension and the scale factor, the radar cross-section for the full scale 
system will be the measured cross-section of the model divided by the square of the 

scale factor. 

Then, since all 

The frequency of interest for the acquisition study is 1.3 Gc. Scaling the 

7.07 missile (less first stage booster) to 9.17 Gc implies a scale factor of - while 
scaling the missile (less first stage booster) to 28.3 Gc implies a scale factor of 
- Thus the largest test configuration (entire missile less 1st stage booster 
21.8' 
would be approximately 74" at 9.17 Gc and 23.9" at 28.4 Gc. Measurements are re- 

quired after sequential removal of each stage, leaving only the payload as the final 
object. 

C.  TESTS RESULTS 

1. Background Tests 

A measurement of RCS versus azimuth angle for the 6" column indicated no sig- 
It was further nificant difference between vertical and horizontal polarization. 

noted that the return had been cancelled to system noise level but varied significant- 
ly with column rotation. 

The return from the column alone (i.e. less background) was not ascertained 
during the testing; a more comprehensive chamber evaluation would have been required 
to determine the important column parameters such as homogeneity, trimning and cut- 
ting methods, cell size, column length, etc. 
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0 
It w a s  found t h a t  t he  median r e tu rn  from the column f o r  a f u l l  360 r o t a t i o n  

was about 50 db below a square meter a t  X-band. This is  acceptable f o r  obtaining 

backscat ter ing information t o  a l eve l  of about -30 dbsm ( f o r  nominal 1 db accuracy).  

No column data  was obtained a t  28.3 Gc a s  the n u l l  balance was too unstable.  

2. Sphere Tes t s ,  9.17 Gc 

For these t e s t s ,  t he  sphere was  placed off-center  on the 6" polyisofoam column 

f o r  t he  t e s t s .  

p a r t i c u l a r  angle f o r  which the  t o t a l  s i g n a l  w a s  nulled by ad jus t ing  the tunable load 

caused the  in t e r f e rence  p a t t e r n  (sphere on column) t o  change. The b e s t  r e s u l t  

obtained led t o  a n  i n i t i a l  uncertainty i n  c a l i b r a t i o n  of about 1% db with 2 db being 

more typical .  This adds a bias-type e r r o r  t o  measurements and i s  i n  add i t ion  t o  any 

other  e r r o r s  present.  Several  runs indicated a g r e a t e r  e r r o r .  

Since the t o t a l  r e tu rn  (sphere removed) var ied with r o t a t i o n ,  the 

To a s c e r t a i n  the r e s u l t s  of measurement of two s c a t t e r e r s  of equal magnitude 

spaced a few wavelengths apar t ,  two 1" spheres were placed on t h e  column with about 

3%'' separat ion.  A t h e o r e t i c a l  interference p a t t e r n  s i m i l a r  t o  t h a t  shown i n  Fig.  

K-2 would have r e su l t ed  from a precise  spacing of odd quarter-wavelengths, except 

near  8 = 0 due t o  shadowing e f f e c t s .  

l i t u d e  a t  each peak except t he  case where one sphere shadows the  other .  The da ta  

from t h i s  run looked reasonable and w a s  not  i ncons i s t en t  with the s i n g l e  sphere run. 

A broad shallow peak, occurring when one sphere w a s  shadowed by the other  should 

have been p rec i se ly  repeated 180' l a t e r .  

The pa t t e rn  should have reached the same amp- 

A d i f f e rence  of about 4 db w a s  noted, in- 
GgcaEirig L L Z -  L,,LJ Lvuzu I.... 1.4 e..,...- V _ _ V L  fer c ~ k ~ l m m  t a r g e t s  of s i m i l a r  physical  shape a t  t h i s  

frequency. 

No sphere tests were performed a t  28.3 Gc due  t o  t r ansmi t t e r  i n s t a b i l i t y .  

3. Cylinder T e s t s  

The cyl inder  tests f o r  9.17 Gc a r e  summarized i n  Fig. K-3. The two dashed curves 

correspond t o  t h e  t h e o r e t i c a l  peak (broadside) response f o r  ka >> 1, (k = 2n/A and 

a = radius)  f o r  which the re  is no po la r i za t ion  dependence, i.e., a cyl inder .  

Since ka = 2.44 and 4.88 respect ively f o r  t he  1" and 2" cyl inders  t e s t ed  a t  9.17 Gc, 

it w a s  necessary t o  make a s l i g h t  po la r i za t ion  co r rec t ion  i n  the t h e o r e t i c a l  RCS of 

t h e  cylinder--making the  est imates  accurate  t o  a few t en ths  of a decibel .  The pre-  

c i s e  t h e o r e t i c a l  values  have previously been l i s t e d  i n  Table K-1. 

A l l  of t he  measurements on cylinders (obtained only a t  9.17 Gc) were cons i s t en t  

w i t h  theory although q u a n t i t a t i v e l y  i n  e r r o r .  

measurement f o r  t he  s h o r t e r  lengths of t he  1" cyl inders  may be a t t r i b u t e d  t o  a b i a s  

e r r o r  i n  c a l i b r a t i o n ,  bu t  t he  e r r o r  tends t o  grow with length and the longest length 
( 1 L . V  * -  - nl*\ 1 ClppQLCL'LLy - - - - - - - ~ l - .  - . .~~- . -d C#ULLC..b.. frnm appreciable non-uniform il lumination. This w a s  i n  

evidence not  only i n  the value of the broadside RCS but i n  the depths of the n u l l s  

The discrepancy between theory and 
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nea r  broads ide  when compared wi th  s h o r t e r  l eng th  c y l i n d e r s .  For  v e r t i c a l  po la r i za -  

t i o n  t h e  discrepancy between t h e o r e t i c a l  and measured broads ide  va lues  was somewhat 

g r e a t e r  than f o r  h o r i z o n t a l  p o l a r i z a t i o n ,  a f a c t o r  exp la inab le  by a known b i a s  e r r o r  

of a few db. 

The measured RCS of t h e  2" c y l i n d e r s  d i d  n o t  vary  observably wi th  l eng th ,  i n d i -  

c a t i n g  seve re  d i s t o r t i o n  of t h e  i l l u m i n a t i n g  energy s i n c e  t h e  r e c e i v e r  w a s  known t o  

be ope ra t ing  i n  a l i n e a r  reg ion .  

A t  28.3 G c ,  t he re  was no resemblance t o  t h a t  expec ted ,  due p a r t i a l l y  t o  t r a n s -  

m i t t e r  i n s t a b i l i t y  and system s e n s i t i v i t y .  It w a s  no t  p o s s i b l e  t o  cance l  t h e  r e s i d -  

u a l  s i g n a l  t o  a va lue  low enough t o  observe t h e  presence of a t a r g e t  i n  t h e  chamber. 

D . CONCLUSIONS 

No r e a l i s t i c  s c a l e  f a c t o r s  f o r  t h e  Scout  missile (less boos te r )  could be der ived  

f o r  requi red  d a t a  accuracy of f 3 db. 

shape of a s c a l e  model of t h e  Scout  missile could n o t  be measured a t  t h e  s u b j e c t  

f a c i l i t y  a c c u r a t e l y  enough t o  provide d a t a  t o  s e r v e  a s  t h e  b a s i s  of a q u a n t i t a t i v e  

a c q u i s i t i o n  s tudy .  Objec ts  longer  than  a few wavelengths must be c o r r e c t e d  f o r  near -  

f i e l d  a f f e c t  on measurements and background i n t e r a c t i o n  i s  apprec i ab le .  

c l u s i o n s  were reached a f t e r  a b r i e f  i n v e s t i g a t i o n ,  b u t  are be l i eved  t o  be conclus ive .  

It became apparent  t h a t  o b j e c t s  of t h e  gene ra l  

These con- 
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APPENDIX L. DOCUMENTS OBTAINED DURING STUDY 

1. Scout  S-129 LTV P r e f l i g h t  T ra j ec to ry  

2. Scout  S-130 LTV P r e f l i g h t  T ra j ec to ry  

3. Scout  S-129 FPQ-6 (W.I.) Radar Tracking Data 

4. Scout S-129 FPS-16 (BDA) Radar Tracking Data 

5. Scout S-130 FPQ-6 (W.I.) Radar Tracking Data 

6. Scout  S-130 FPS-16 (BDA) Radar Tracking Data 

7. AGA Corp., Report  N4696, Technical  Desc r ip t ion  of  30' Diameter Cassegra in  Antenna 
(Proposal)  

NASA S p e c i f i c a t i o n  f o r  X-band Telemetry Tracking Rece iver  8. 

9. NASA S p e c i f i c a t i o n  f o r  30' Tracking Antenna 

10. NASA S p e c i f i c a t i o n  f o r  VHF Telemetry Tracking Antenna 

11. Br ief  Informal  C h a r a c t e r i s t i c s  of L-Band Radar System 

12. Telemetry Antenna P a t t e r n s  f o r  Scout a t  225.7 Mc, 240.2 Mc, and 244.3 Mc 

13. Range Map RPC-2a 

14. 

15. 

NASA TN D-2437 - Deta i l ed  Descr ip t ion  and F l i g h t  Performance of  t h e  RAM B Vehicle  

F65-3174 - F l i g h t  P l a n  - RAM B-2 Material Addit ion and Multi-Frequency Radio 
At tenuat ion  Measurements 

F65-3174 Addendum 2 - F l i g h t  P lan  - RAM B-2 Vehicle  Tracking Data 

F65-3174 Addendum 3 - F l i g h t  P l an  - RAM B-2 F i n a l  Checkout and T e r m i n a l  Count- 
down 

Osci l logram 117-4-2N AGC record  f o r  225.7 Mc and 244.3 M c  VHF te lemet ry  

Osci l logram 108-2-2 AGC record  f o r  255.7 Mc and 244.3 Mc VHF te lemet ry  

16. 

17. 

18. 

19. 

20. Antenna P a t t e r n s  - RAM B-2 @ 244.3 M c  - Linear  P o l a r i z a t i o n  

21. Antenna P a t t e r n s  - RAM B-2 @ 244.3 Mc - C i r c u l a r  P o l a r i z a t i o n  

22. Antenna P a t t e r n s  - RAM B-2 @ 255 Mc - All P o l a r i z a t i o n s  

23. Maintenance and Operat ion Manual f o r  X-Band Monopulse Tracking Receiver - 
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